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GENERAL  OBSERVATIONS  ON  THE  BIONOMICS  OF  THE  RODENT  AND 

HUMAN  FLEAS- 


By  Maurice  B.  Mitzmain,  M.  S.,  Assistant,  Plague  Laboratory, -United  States 
Public  Health  and  Marine-Hospital   Service,   San   Francisco,   Cal. 


It  is  desired  in  this  paper  to  convey  an  insight  into  the  habits  and 
metamorphoses  of  the  California  species  of  fleas  commonly  found  on 
rats,  ground  squirrels,  and  man.  Numerous  requests  from  medical 
officers  for  information  of  this  nature  are  regarded  as  sufficient  justi- 
fication for  the  compilation  of  these  notes.  The  paper  is  preliminary 
in  character,  as  the  studies  are  still  in  progress. 

THE    MATERIALS    USED    FOU    FLEA    DEVELOPMENT. 

We  have  made  an  effort  to  rear  fleas  in  the  laboratory  by  attempt- 
ing to  duj)licate  conditions  found  to  exist  in  nature.  The  human  fiea, 
Pidex  irrifans  Linn.,  was  found  to  develop  very  satisfactorily  in  a 
medium  composed  of  floor  sweepings  taken  from  cracks  in  the  floor. 
The  squirrel  fleas  and  rat  fleas  were  found  to  develop  well  in  material 
taken  from  the  nests  of  their  respective  hosts.  We  have  experienced 
no  difficulty  in  raising  these  parasites  by  placing  animals  covered  with 
fleas  in  cages  with  a  bedding  of  sawdust ;  and  the  only  provision  neces- 
sary for  complete  development  was  the  addition  of  fresh  sawdust  to 
prevent  the  accumulation  of  too  much  moisture. 

An  experiment  was  made  to  determine  in  what  nesting  material 
fleas  away  from  the  host  would  survive  longest.  For  this  purpose  we 
tested  various  materials  shown  in  the  following  table: 

Length  of  life  in  varujiis  iicsthi!/  iiidlcrials. 

CERATOl'HYLLUS  ACUTUS  15AKER. 

[M=male;  F=female.] 


SKi     ^t' 

Moist  sand 
from  squir- 
rel nest. 

Dry  sand 
from  squir- 
rel nest. 

Sawdust 

moistened 

■with  horse 

serum. 

Dry 
sawdust. 

Moistened 

sawdust 

with  wheat 

grains. 

2  days 

5M.;  5  F.... 
2M.;  5  F.... 

10  F 

10  F 

4M.;  6F.... 
IM.;  3F.... 
2  F 

4M.;  6F.... 
4  F 

4  M  •  6  F 

7  days 

4  F      . 

All  dead 

1  M  •  5  F 

!)  days 

1  F 

2  F 

1  M  •  4  F 

2M.;  5  F.... 
I  M.;  1  F. 

All  dead 

All  dead 

All  dead 

1  M  •  4  F 

1 4  days 

1  M  •  3  F 

10  days 

1  M.;  1  F.... 

17  days 

All  dead 

I  M.;  ;!  F. 

20  days 

3  1" 

25  days 

1  F. 

20  days 

.Ml  dead 

(3) 


The  controls,  5  males,  5  females,  were  all  dead  on  or  before  the 
seventh  day. 

In  the  medium  of  moistened  sawdust  mixed  with  a  few  wheat 
^ains  it  was  found  that  the  wheat  sprouted  in  the  sawdust  and  held 
sufficient  moisture  to  provide  a  suitable  condition  for  larva?  as  well 
as  for  adults.  The  mould  Avhich  formed  in  a  short  time  did  not 
seem  to  affect  the  insect  life. 

It  is  seen  that  the  fleas  did  not  fare  well  in  the  medium  of  dry  sand. 
The  sand  was  mixed  with  clay  dust,  which  would  rise  whenever  the 
fleas  hopped  in  the  vial.  As  a  consequence  death  resulted,  pre- 
sumably In'  stoppaire  of  the  spiracles. 

It  will  be  seen  from  a  survey  of  this  table  that  fleas  taken  from 
the  natural  host  may  be  kept  alive  without  food  for  a  considerable 
time.  The  medium  of  moistened  sawdust  with  a  few  grains  of  wheat 
seemed  to  answer  the  moisture  requirements  for  flea  life. 

This  material  Avas  used  to  determine  the  longevity  of  squirrel  fleas 
reared  from  cocoons  in  the  laboratory.  The  adults  had  emerged 
October  4,  1909,  and  were  transferred  on  the  same  day  to  an  open 
museum  jar,  supplied  with  a  layer  of  sawdust  and  moistened  wheat 
grains.  Twenty  specimens.  8  males  and  12  females,  were  used  in 
this  experiment.  On  the  twenty-eighth  day  1  male  and  8  females 
were  alive.  The  nude  survived  until  the'  thirty-eighth  day,  when 
only  a  single  female  remained.  This  female  lived  until  January  25, 
1910,  a  period  of  eighty-one  davs  from  the  time  of  emergence. 

The  \irility  of  these  fleas  was  shown  when  a  male  and  a  female 
were  ap])li('(l  to  the  hand  of  the  experimentor  and  fed  on  the  twenty- 
seventh  day.  The  two  fed  fleas  were  excluded  from  the  experiment 
after  the  feeding. 

LOCOMOTION. 

The  only  literature  that  has  fome  to  our  notice  on  the  jumping 
powers  of  fleas  appears  in  the  ''  Rejjorts  of  the  advisory  committee  on 
j)hjgu('  investigations  in  Imlia  "  (Journal  of  Hygiene,  190(5,  vol.  6, 
p.  Mil).  Ifei-e  we  have  a  note:  *'  It  hud  pi'eviously  been  found  that 
a  rat  Ilea  coidd  not  hop  farther  tlian  5  inches."  The  species  in  (jues- 
lion  in  these  experiments  was  the  La'rnopHylla  chcop'tif  Koth,  which 
ronstitnles  99  per  cent  of  ihe  fl(>as  found  on  rats  in  India. 

It  seemed  desirable  to  learn  (he  jniuping  abilities  of  (he  couunon 
California  species.  An  adempl  was  nia(l(>  (<>  deleiniine  (he  distance 
np(»n  a  hoiizontal  plane,  as  well  as  (he  height  (ha(  the  insect  coidd 
jiMiip.  In  the  broa«l  jump  a  few  e\|)erinien(s  were  conduc(ed  with 
/'.  iiritdiiK^  (he  most  a<(i\e  of  our  Calibniiia  llcas.  In  (his  species 
\\e  have  found  (he  junijiing  distance  vai'ies  considerably  wi(h  the 
nature  of  (he  containej-  fiom  which  (he  insect  is  observed,  eg.,  a  fo(>(- 


hold  of  wood  enables  the  flea  to  jump  a  greater  distance  than  one  of 
glass.  Since  the  irritans  is  found  to  predominate  on  floors  of  houses, 
a  surface  of  wood  was  selected  as  the  footing  in  our  tests.  In  one 
experiment  five  specimens  were  permitted  to  jump  at  will  and  the 
jumps  of  each  were  recorded.  The  mean  average  of  ten  jumps  of 
each  specimen  gave  a  distance  of  7.3  inches.  The  longest  jump 
recorded  was  11  inches;  this  was  made  by  a  female.  In  another 
experiment  a  female,  which  was  starve^  for  five  daj^s  prior  to  the 
test,  made  four  jumps,  respectively,  10.5,  11,  12,  and  18  inches,  averag- 
ing llf  inches.  Thirteen  inches  was  the  longest  jump  recorded  on  a 
horizontal  plane.  A  jump  of  15f  inches  was  made  downward  at  an 
angle  of  30  degrees. 

This  last  specimen  was  then  permitted  to  feed  fifteen  minutes  on  the 
arm  of  an  attendant,  after  which  it  was  carefully  returned  to  the 
container  and  its  jumps  for  five  minutes  recorded.  The  longest 
jump  after  feeding  was  12  inches. 

The  jumping  powers  of  squirrel  and  rat  fleas  were  tested  in  this 
manner:  Three  hundred  and  seventy-five  live  .squirrel  fleas  {Cem- 
tophyllus  aeutus)  and  150  live  rat  fleas  {C.  fasciatas  Bosc.  and  L. 
cheopis)  were  segregated  into  species  and  placed  in  15  open  specimen 
vials  in  a  water  bath  and  left  undisturbed  for  two  days.  At  the  end 
of  the  period  the  vials  were  examined,  the  water  bath  and  the  sur- 
roundings being  carefully  inspected.  No  fleas  could  be  detected  in 
the  water  bath  or  in  the  vicinity.  The  fleas  in  the  vials  were  counted, 
the  original  number  being  present.  They  were  apparently  as  active 
as  when  removed  from  their  hosts.  The  containers  were  cylindrical 
vials  3f  inches  in  heiglit  and  1^%  inches  in  diameter.  The  same  test 
was  tried  in  open  shell  vials  of  the  next  size  smaller  (3^  by  1  inch), 
and  the  fleas  were  found  jumping  into  the  water  bath. 

L.  eh'opls^  the  rat  flea,  was  tried  for  its  jumping  powers.  It  had 
been  previously  observed  that  members  of  this  species  were  unable 
to  leap  out  of  open  shell  vials  3f  inches  in  height.  It  was  thought 
desirable  to  pcj-niit  (he  flea  greater  hititude,  making  the  trial  faim- 
and  moi-e  practical,  l^venty  fleas  (8  males  and  12  females)  were 
placed  in  a  rectangular  porcelain  dish,  the  dimensions  of  which  were 
Hi  inches  l)y  7;^  inches  by  2|  inches  deej).  A  light  sprinkling  of 
moist  sand  was  placed  in  the  bottom  of  the  dish  to  provide  a  firm 
footing  and  the  sides  of  the  dish  w(M-e  extended  to  the  height  of  4.', 
mches  by  inclosing  the  container  entirely  by  strips  of  '' tangle- foot " 
pai)er.  At  the  ciul  of  twenty-four  hours  the  dish  with  the  fleas  was 
examined  and  it  was  observed  that  sevcMal  Ileas  had  leaped  high 
enough  to  become  entangled  in  the  adhesive  i)ai)er.  The  position 
of  these  was  noted;  the  distance  from  the  bottom  of  the  pan  was 


measured.  The  entangled  insects  were  pried  off,  the  sticky  material 
dissolved  with  alcohol,  and  the  insects  examined  microscopically. 
Five  specimens  were  collected,  two  males  and  three  females.  The 
locations  on  the  adhesive  paper  relative  to  the  base  of  the  dish  were 
as  follows:  One  female  2^  inches,  1  female  3^  inches,  1  female  2j% 
inches;  1  male  2f  inches,  1  male  3^V  inches. 

A  census  of  the  fleas  remaining  in  the  bottom  of  the  dish  gave  6 
males  and  9  females,  showing  that  none  jumped  over  the  surrounding 
paper,  and  that  all  jumiiing  over  2^  inches  were  embedded  in  the 
adhesive  paper. 

Tlie  jumping  jjowers  of  P.  irritans  were  further  tested,  20  fleas  of 
this  species  being  placed  in  a  rectangular  nuiseum  jar,  the  inside 
dimensions  of  which  were  2]  by  5^  by  Tf  inches  deep.  The  glass  lid 
of  the  jar  was  coated  with  "  tangle  foot  "  and  the  upper  2  inches  of 
the  jar  were  coated  with  the  same  material.  Tlie  following  morning 
the  jar  was  examined  and  two  specimens  wore  seen  embedded  in  the 
"tangle  foot''  on  the  lid.  The  inside  height  of  the  jar  being  7J 
inches  from  the  base  gives  then  this  height  as  the  perpendicular 
jump. 

Concerning  the  flea's  ability  to  walk  upward  on  glass,  we  have 
noted  that  they  can  not  climb  to  any  considerable  distance.  Ap- 
proximately 100  counts  were  takeu,  the  greatest  distance  observed 
Ijcing  three-quarter  inches.  The  climb  appears  very  laborious,  and  in 
all  cases  the  flea  droi)ped  to  the  bottom  of  the  jar  after  a  few  eli'orts. 

The  style  in  which  rcwlent  fleas  walk  through  the  pelage  of  the 
host  is  worthy  of  couuneut.  They  seeui  to  shiillle  along  on  the  flat 
side  f)f  the  tarsi,  parting  the  dense  hairs  into  furrows  which  close 
ovci-  tlic  active  insect  with  a  wavy  motion.  A\'h(>n  on  the  aninuil  they 
sclfioni  ho|)  about,  unless  disturbed  or  unless  the  host  snaps  at  them 
or  scratches  when  unusually  annoyed.  They  hop  fr(>(>ly  when  jump- 
ing from  the  animal  to  tlie  ground  or  \  ice  Ncrsa,  or  from  one  host  to 
another.  When  a  flea  is  cornered;  that  is,  when  it  ex|)eriences  dilli- 
cully  in  pas>ing  an  obsli-uction,  it  |)i'(M'eeds  liUe  n  swinuner  using 
the  side  sti'oUe.  The  parasite  di'o|)s  to  its  side  and  locomotion  ensues 
by  a  vigoi'ous  sweeping  movement  of  the  h'gs,  almost  entirely  by  the 
use  of  the  hairs  and  sjiines,  es|)ecially  through  the  niediinn  of  the 
pcjwerful  spines  of  the  tibia  eU'eeting  a  |»i<)gressive  nioNcniiMit  while 
it  ambles  along  on  I  lie  (hit  ^i<ie  in  a  si  liking  mannei'.  The  spiiu's  of 
the.  leg  si-eni  to  lie  peculiarly  adapted  for  this  side  nu)tion.  It  is  in 
this  fu.shioii  that  the  nimble  jiarasite  nninages  to  become  so  very 
j'lusivc.  We  refer  especially  to  the  /'.  irritann.  This  may  l><'  tested 
by  holding  a  li\e  fleji  between  the  thumb  and  forednger,  and  unless 
yon  clian<-e  to  be  ;i  Ilea  ira|)per  (d"  long  w\\(\  [jainful  experience  the 
ingenious  parasite  will  surely  escape. 


CONSIDERATION  OF  COLOR  ATTRACTION. 

A  little  experimental  evidence  has  been  obtained  on  the  question 
of  attraction  toward  color  in  animals.  It  is  the  prevailing  opinion 
that  white  animals  attract  the  greatest  number  of  fleas.  A  few  tests 
of  color  attraction  are  cited  here.  The  material  used  in  the  first 
experiment  was  six  guinea  pigs  showing  extreme  variations  of  color. 
Three  of  these  were  pure  white  in  color  and  three  were  dark  brown 
and  black.  These  were  placed  in  a  large  cage,  the  bedding  of  which 
was  infested  with  squirrel  fleas.  After  forty-eight  hours  the  guinea 
pigs  were  removed  simultaneously  and  a  census  of  the  fleas  on  the 
individual  animals  was  made  immediately.  Fleas  and  animals  were 
anaesthetized  at  the  same  time,  the  white  guinea  pigs  yielding,  re- 
spectively, 10  fleas,  5  fleas,  and  11  fleas.  The  black  guinea  pigs 
yielded  11,  7,  and  4  fleas;  the  last  number  came  from  a  mixed  black 
and  white  guinea  pig.  A  summary  of  the  fleas  from  the  three  white 
guinea  pigs  gave  2G  fleas,  or  an  average  of  about  9  each ;  the  two  dark 
guinea  pigs  giving  18,  averaging  9  each;  and  the  black  and  white 
giving  4  fleas,  all  of  which  were  of  the  species  C.  acutus^  the  common 
squirrel  flea. 

A  second  experiment  was  as  follows :  Four  guinea  pigs  were  placed 
in  a  large  container  which  was  swarming  with  squirrel  fleas.  After 
three  days  the  animals  were  removed  as  before,  and  a  census  of  the 
parasites  was  taken;  one  brown  and  black  guinea  pig  yielded  89 
fleas;  another  brown  and  black  guinea  pig  yielded  57  fleas;  a  pure 
white  guinea  pig  yielded  57  fleas;  and  the  other  white  guinea  pig 
yielded  CO  fleas,  These  guinea  pigs  were  kept  together  in  the  open 
vessel  under  the  same  conditions  of  light  and  temperature. 

One  experiment  was  conducted  by  using  guinea  pigs  as  traps  for 
fleas  in  an  infested  house.  The  results  shown  are  relatively  meager, 
due  to  the  previous  use  of  adhesive  paper  for  flea  trapping.  In  this 
test  six  guinea  pigs  were  permitted  to  wander  for  twenty-four  hours 
through  the  basement  of  the  house.  The  fleas  collected  from  the 
guinea  pigs  were  P.  irritans,  found  on  the  hosts  Jts  follows : 


Color  of  ;iniiii;il 


Black  (,'iiiii(>a  pig. 
Whilc);iiiiic';i  |)iK. 
Black  guinea  pit;. . 
While  1,'uinca  pig. 
lUack  jjuiiica  pig. 
While  guinea  i)ig. 


Number 
of  fleas. 


It  is  obvious  from  the  meager  evidence  presented  in  these  expeii- 
ments  that  color  does  not  exert  the  influence  generally  chiimetl  for  it. 
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The  white  animals  are  no  more  attractive  to  the  fleas  we  have  used 
than  are  the  dark-colored  ones. 

TRAPPIXG    OF    FLEAS    WITH    MEAT   AS    A    BAIT. 


An  idea  prevails  that  fleas  can  be  attracted  and  trapped  on  account 
of  their  predilection  for  the  odor  of  fresh  meat.  This  idea  was  put 
to  test  in  an  experimental  way.  On  the  23d  daj^  of  August,  1909, 
during  a  season  of  the  year  in  which  fleas  Vere  extremely  abundant, 
a  vacant  house,  which  was  found  to  be  flea  infested,  was  chosen  for 
the  experiment.  The  fleas  were  so  abundant  that  when  two  attend- 
ants, who  had  occasion  to  enter  the  first  floor  of  the  dwelling,  re- 
mained for  a  period  of  five  minutes  and  emerged  covered  with  fleas, 
approximately  200  fleas  were  taken  from  their  clothing  and  persons. 
The  materials  used  for  the  experiuient  were  12  sheets  of  '"  tangle- 
foot"  fly  paper,  distributed  in  pairs  among  three  rooms  of  the 
house.  One  sheet  of  each  pair  was  supplied  with  a  small  fresh  piece 
of  cow's  liver.  Care  was  taken  to  distribute  the  sheets  in  such  a 
manner  that  the  influence  of  light  would  be  the  same  for  each  pair 
of  sheets  in  the  series.  The  sticky  fly  papers  were  left  undisturbed 
for  a  period  of  three  days,  then  collected  and  examined. 

A  similar  experiment  was  conducted  at  a  later  date,  December  5, 
1900,  when  San  Francisco  dwellings  were  still  flea  infested.  The 
sheets  of  fly  paper  were  left  in  the  basement  of  a  house  for  twenty- 
foiii-  hours.  The  fleas  in  both  experiments  were  removed  by  dis- 
solving tlio  "tangle-foot"  in  alcohol.  The  parasites,  Avhich  Avere 
identified  as  Pulcx  irritaPH^  were  distributed  on  the  sheets  as  follows: 

Tulal  number  (if  fleas  Inipijcd. 


Experiment  1. 

Experiment  2. 

I'ulr. 

Adlipslvc 

paper  with 

meiit. 

Adhesive 
paper  wilh- 
out  meat. 

Adhesive 

paper  wilh 

meal. 

Adliesive 
paper  wlth- 
oiil  meat. 

1                  

0 
2 
2 
0 
0 
4 

0 
2 
1 
3 
12 
1 

2 
1 

<'i 

•i; 
1 

4 

4 

2                                                      

3 

a         .  .                       

4 

4                                                      

40 

6                                                    

0 

A                                                  

1 

Total 

1  1 

10 

61 

61 

The  tabic  shows  tlmt  ncfoi-ding  to  our  cxpciiciKc,  though  th(>  data 
are  limited,  meal  used  as  n  bait  iiiiilcr  liif  ((tinlit  ions  stated  docs  not 
t?x<'il  any  attraction  for  fleas, 

A  third  ex|)ciirnent  of  the  same  character  as  the  two  foregoing 
was  conducted   in   a   house   whicli    was  infested   with   hotli  /'.  i/rl/<tn,s 
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cancl  Ctenocephalus  canis  Curtis.     The  results  show  that  the  count 
for  each  species  was  relatively  about  the  same. 


Experiment  3. 

Pairs. 

Adhesive  paper  with 
meat. 

Adhesive  paper  with- 
out meat. 

Pulex  irri- 

tans. 

Ct.  canis. 

Piilex  irri- 
tans. 

Ct.  canis. 

1 

82 
5 

98 
42 
123 
49 

23 
1 
39 
12 
64 
10 

122 
6 

90 
39 

120 
60 

58 

9                                                                                                                      

3 

0 
42 

4 

5 

14 
79 
14 

6 •                                   

Total 

399 

149 

437 

207 

In  all  of  the  foregoing  "  tangle-foot "  trap  experiments,  although 
care  was  taken  to  place  the  meat  on  the  edges  as  well  as  on  the  middle 
of  the  sticky  paper,  only  one  flea  {Ci.  canis)  was  found  on  the  meat 
used  as  a  bait. 

EGG  LAYING. 

Mammalian  blood  appears  essential  to  fleas  for  the  performance 
,of  the  normal  functions  of  copulation  and  oviposition.  In  our  expe- 
rience insects  kept  constantly  in  jars  and  reared  from  cocoons,  never 
having  been  fed  upon  a  host,  have  not  been  observed  to  copulate  or 
oviposit.  In  30  specimens  of  P.  irritam  taken  from  a  house  which 
had  been  vacant  for  six  weeks  Ave  found,  after  three  days'  observation, 
that  the  fleas  were  perfectly  healthy,  and  although  females  predomi- 
nated, no  eggs  were  found  at  the  end  of  this  period.  As  a  control,  6 
females  of  this  species  collected  from  human  hosts  when  kept  in 
separate  vials  laid  eggs  normally,  depositing  from  5  to  12  in  each 
instance. 

Four  exj)eriments  with  C.  acufus,  the  squirrel  flea,  have  given 
results  similar  to  the  foregoing,  namely,  that  this  species  when  reared 
from  cocoons  and  kei)t  starved  in  jars  at  room  temperature  has  not 
been  observed  to  mate  or  lay  eggs. 

In  25  paired  specimens  of  several  species  kept  under  observation 
it  appears  tliat  the  male  does  not  long  survive  the  act  of  mating.  It 
dies  even  before  the  female  has  hiid  its  flrst  batch  of  eggs. 

When  fertile  females  are  kept  under  artificial  conditions  the  eggs 
are  laid  in  one  laying  in  a  period  beginning  two  hours  after  copula- 
tion and  extending  to  a  maxinunn  of  thirty-six  hours.  AVhen  de- 
l)rived  of  food  the  female  has  never  been  observed  to  oviposit  after 
this  length  of  time. 

44!)1'8— Bull.  ;{8— 10 2 
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We  may  here  note  that  wlien  used  experimentally  the  female  is 
invariably  lon^rer  lived.  Experiments  to  determine  the  length  of 
life  Avith  human  blood  diet  show  that  female  tleas  of  all  species  out- 
live the  male  by  several  weeks.  This  is  doubtless  true  also  under 
natural  conditions,  where  we  find  in  collecting-  fleas  from  the  host 
that  the  females  predominate  markedly. 

The  eggs  require  optimum  conditions  of  temperature  and  moisture 
for  hatching.  They  have  never  been  found  on  the  host  except  in 
one  instance.  In  this  case  a  dog  was  used  In  the  laboratory  for  sup- 
plying fresh  fleas;  this  Avas  done  by  placing  the  canine  on  sheets  of 
paper  which  in  a  few  hours  were  littered  Avith  a  large  number  of 
flea  eggs.  These  Avere  laid  loosely  on  the  host  by  the  fleas,  the  eggs 
falling  to  the  paper.  Avhere  they  Avere  collected.  Flea  eggs  have 
never  been  found  on  man  and,  if  present.  Avould  not  hatch  under 
normal  conditions  of  the  body  temperature.  AVe  haA"e  found  that 
keeping  eggs  in  the  incubator  at  blood  heat  is  sufficient  to  prevent 
hatching.  If  the  eggs  Avere  laid  on  the  host  Ave  Avould  certainly 
expect  to  find  ihem  on  the  squirrel,  on  AA'hich  animal  fleas  are  most 
abundant.  We  have  taken  from  tAA^o  squirrels  (in  nature),  respec- 
tively. '2'2o  ('.  (ici/fi/.s  and  370  of  the  same  species;  but  in  no  instance 
even  Avhere  fleas  are  present  in  such  lai-ge  numbers  have  Ave  been  able 
to  find  eggs  even  after  carefully  combing  the  host.  The  C.  acutus 
\>  by  all  means  the  best  criterion  in  this  matter,  since  we  have  found 
that  it  lays  more  eggs  than  any  other  of  the  rodent  fleas. 

The  eggs  are  laid  singly,  often  appearing  in  small  clusters.  They 
may  be  viscous  as  in  P.  irritaiis,  C.  fasciatvs^  L.  cheopls^  C.  acutus; 
or  (by  as  in  Ct.  canis  and  Cten.  musculi.  The  former  adhere  to  the 
MKHliiim  in  Avhich  they  are  laid,  and  the  eggs  of  the  last  tAvo  species 
are  laid  loosely,  so  that  they  roll  about  Avhen  the  vial  containing 
them  is  shaken. 

Kggs  may  be  laid  Avhile  the  insect  is  still  under  (he  inlliieiice  of  an 
iUH'slhctic,  Avhen  covered  by  a  ghiss  slij),  and  Avhen  exposed  to  strong 
sunlight.  It  ai)pears  to  be  the  iirst  impulse  for  the  fenuile  to  lay  its 
cggH  when  lemoved  from  the  host  and  j)hiced  under  artificial  condi- 
tions. The  great  majority  of  the  eggs  obtained  Wfi'e  hiid  on  the 
first  day,  beginning  abnost  ininiciliatcly  ;iflei-  the  llcas  wcic  ciiptuiftl. 
It  is  a  common  observation  that  many  feniaU's  with  theii-  abdomens 
disten«h'd  hiv  their  eggs  as  soon  :is  the  \ial  is  closed  o\(m-  them.  'I'he 
number  of  eggs  hiid  jit  one  hiying  by  dilVei-cnl  species  xaries  from 
'.\  to  IH,  the  rat  lleas  averaging  <;  ami  the  -(|uirrel  llcas  hiy  as  many 
UK  18. 

Tin;  rm»<  iss  m'  ii  \i(  ii  i  no. 

C.    ACI'TrH. 

Six  eggs  hii<l  wiiih-  llic  femah-s  wcic  kept  under  ob-ci\alion  were 
e.xnniined   firim  time  to  time  mild  haldicd  -,.s,.|i  to  nine  days  hiter. 
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One  egg  was  observed  microscopically  during  the  entire  process; 
the  other  five  eggs  used  as  controls  were  examined  occasionally. 

On  the  seventh  day  of  incubation  at  room  temperature  the  pre- 
monitory signs  of  hatching  were  discerned  in  a  very  faint  rising  and 
falling  of  the  exochorion  (outer  shell  layer)  on  one  side  of  the  shell. 
During  the  night,  seven  hours  later,  the  movement  grew  more  ex- 
tensive, the  pulsations  becoming  quite  pronounced,  causing  the  egg 
to  shift  slightly  from  its  position.  On  the  morning  of  the  eighth 
day  a  deep  gash  was  observed  in  the  side  of  the  egg.  The  gash  is 
made  hj  the  egg  opener,  a  wedge-shaped,  horny,  claw-like  structure 
on  the  dorsal  side  back  of  the  head  of  the  embryo.  This  is  operated 
so  as  to  hew  through  the  resistant  shell  by  a  series  of  slits  or  gashes. 
The  initial  gash  increases  slowly  in  length,  encircling  the  egg  within 
an  hour. 

In  the  course  of  a  few  hours  seven  successive  gashes  are  made. 
The  location  of  these  is  quite  constant — two  on  each  side  of  the  egg 
and  three  at  the  center,  the  middle  of  the  central  ones  being  the 
most  distinct.  The  young  embryo  produces  these  slits  through  the 
chorion  (inner  skin  of  the  shell)  by  turning  with  its  dorsal  side 
against  the  shell,  striking  with  the  egg  pick,  first  again.st  the  base 
of  the  egg,  rising  on  its  hind  prolegs  and,  striking  rapidly  as  it 
climbs  upward.  Prior  to  each  stroke  the  egg  pick  is  poised  delib- 
erately, the  weight  of  the  head  accelerating  the  blow ;  this  is  aug- 
mented occasionally  by  a  lateral  shaking  of  the  head. 

When  the  last  slit  encircles  the  shell  the  embryo  is  at  the  most 
active  stage;  it  eifects  a  complete  rotation  in  its  shell  at  intervals 
of  ten  minutes.  The  gashes  make  the  shell  appear  as  though  cut 
into  ribbons.  The  rotary  movement  gradually  subsides  until  a  com- 
plete turning  consumes  twenty  minutes,  and  almost  imperceptibly 
there  follows  a  lull.  An  inactive  condition  prevails  for  a  period  of 
about  seventeen  hours.  After  the  resting  period  it  appears  that  the* 
egg  pick  is  no  longer  functional;  no  new  gashes  are  made,  the  embyro 
seeming  contented  to  concentrate  its.  energies  against  the  middle 
gash.  This  is  enlarged  by  a  puffing  and  dilating  of  the  head ;  through 
the  semitransparent  shell  is  seen  a  constant  bubbling  and  a  subse- 
quent dilatation  of  the  cuticle. 

On  the  third  day  of  the  hatching  process  a  strong  movonuMit  of 
the  embryo  gives  decided  evidence  of  the  progress  of  hatching. 
Immediately  beyond  the  egg  pick  a  triangular  slit  appears  through 
which  bubbles  emerge  to  the  surface  of  the  exochorion;  thus  the 
amnion  (the  embryonic  cuticle)  makes  its  initial  appearance  through 
a  crack  in  the  exochorion  of  (he  shell. 

The  amnion  splits  longitudinally,  adhering  to  the  chorion  and 
bulging  out  as  the  insect  struggles.  It  is  pushed  out  of  the  chorion 
as  the  abdominal  segments  are  projecting.     The  emergence  is  fur- 
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thered  by  the  young  larva  pressing  the  head  against  its  tail,  causing 
the  middle  of  its  body  to  bulge  through  the  central  gap  of  the  shell. 
The  amnion  becomes  noticeably  darker  as  it  is  exposed  to  the  air;  it 
is  now  a  light  brownish-yellow. 

The  pressure  of  the  body  against  the  shell  forms  nearly  a  round  hole 
through  which  the  larva  event uall}'  emerges.  The  opening  is  en- 
larged by  pressure  of  the  head  against  the  tail,  raising  the  body  like 
a  hoop,  causing  an  arch  or  a  hump  to  appear  with  dorsal  side  out- 
ward. 

The  amnion  sheds  slowly  on  either  side  from  the  middle  of  the 
arched  abdomen  vontraliy  and  with  a  movement  of  fluid  beneath,  it 
cracks  across  the  abdomen,  peeling  and  wrinkling  as  the  segments  tele- 
scope. AVith  a  final  vigorous  bubbling  and  wrinkling  the  amnion 
sheds  oil",  the  moulted  skin  falling  on  either  side,  exposing  the  quiet 
colorless  cuticle  of  the  young  insect,  roughly  Avrinkled  and  bristling 
with  slender  hairs  or  seta^.  These  hairs  which  at  first  appear  trans- 
parent turn  grayish  when  exposed  to  the  air. 

When  the  tail  of  the  larva  has  been  torn  loose  from  the  shell,  the 
head  and  thorax  are  still  imprisoned  within  the  egg,  necessitating  a 
maneuvering  by  waiving  its  tail  in  the  air.  twisting  and  squirming 
wliik'  standing  on  its  head.  The  abdomen  doubles  up  ventrally  and 
finally  the  young  larva  supported  on  its  tail  extricates  the  head  by  a 
violent  shaking.  When  the  head  is  torn  from  its  fastenings,  it  is 
found  that  the  amnion  has  i)ecn  holding  it  within  the  shell.  The  ad- 
hering membrane  is  cast  out  when  the  shell  is  shaken  oft'.  The  larva 
has  now  fully  emerged,  the  colorless  cuticle  has  turned  grayish  and 
the  slender  threadlike  bristles  have  assumed  an  irridescent  hue 

IXFLIKNCK   OF  TKMI'KnATl  HK  ON    EO(J   DKVKLOl'MKNT. 

In  a  series  of  experiments  in  which  fleas,  /..  chropis,  were  subjected 
to  various  temperatures,  namely,  room  temperature  (7r)°-80'^  F.),  hot 
room  ti'uiperature  (SH'-'-J)O"  F.),  and  cold  r<M)m  temperature  (72°  F.), 
the  advixM-y  committee  on  plague  investigations  in  India  concluded 
that  there  was  an  optimum  temperature  at  which  breeding  took  place 
more  vigorously  than  at  other  teuii)eratures;  that  a  high  mean  tem- 
perature aHected  the  breeding  of  lleas  in  restraining  the  imago  from 
dep<»siting  eggs  and  inhibit  iug  the  development  of  the  eggs  into  lai'vu'. 
(.Journal  of  Hygiene.  lUOH,  vol.  ^.  No.  -J.  p.  L>i:i-i>44.) 

We  have  re|)eiited  in  a  snuill  way  the  experiments  with  the  species 
u.sed  by  the  advisory  committee  in  addition  to  a  few  other  species. 


In  this  experiment,  IH  ogps  of  A.  rhropix  were  used  to  detiMiuine  the 
influence  temperature  e.xerts  on  the  hatching  |)nK'ess.  These  eggs 
were  liiid   within  a   few  hours  of  «'ach  othei-  i)V   fonr  females  wliich 
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were  kept  with  as  many  males  in  a  glass  vial.     The  eggs  were  removed 
within  one  honr  and  divided  into  lots  of  six. 

One  lot  of  six  was  placed  in  the  cold  room,  kept  slightly  below  out- 
door temperature.  One  lot  was  maintained  at  room  temperature  in 
the  laboratory.  The  third  lot  was  kept  at  the  temperature  of  the 
incubator.  The  three  lots  were  placed  in  glass  cell  slides,  protected 
with  cover  slips,  and  observed  at  intervals  without  subjecting  them  to 
a  change  in  temperature. 

A.  Eggs  kept  at  high  te?nperatu7'e. — These  eggs  were  placed  in  the 
incubator  which  Avas  regulated  at  a  uniform  temperature  with  a  mini- 
mum range  of  35°  C.  and  a  maximum  of  37°  C.  On  the  third  day 
one  egg  hatched  and  the  larva  almost  immediately  shriveled  and  died 
from  the  heat.  In  fact  it  succumbed  in  the  act  of  emerging  when  all 
parts  but  the  tail  were  freed. 

Not  one  of  the  eggs  remaining  showed  evidence  of  hatching  when 
examined  at  this  time.  On  the  fourth  day,  there  was  no  evidence  of 
life  in  the  other  eggs.    They  appeared  shriveled  and  dessicatecl. 

B.  Eggs  kept  at  tootyi  temperature. — These  eggs  were  kept  in  a 
covered  glass  cell  on  a  table  in  the  laboratory.  The  cell  slide  was 
covered  so  as  to  be  protected  from  the  light.  The  temperature  re- 
corded during  the  hatching  period  was  17°  C.  minimum  and  23°  C. 
maximum. 

On  August  22,  the  seventh  day  after  being  laid,  three  eggs  of  this 
lot  had  hatched  normally.  The  other  three  eggs  were  observed  to 
manifest  signs  of  the  final  stage  of  hatching. 

August  23.  One  egg  hatched  on  this  day. 

August  25.  One  of  the  remaining  eggs  hatched.  This  last  larva 
appeared  smaller  at  birth  than  the  others.  The  embrj^o  in  the  last 
Q»^  died  during  the  j)rocess  of  hatching. 

C.  Eggs  kept  at  low  temperature. — The  eggs  of  this  batch  were 
kept  in  a  cell  slide  as  in  the  otlier  exjieriments,  protected  from  the 
light.  The  temperature  controlled  was  slightly  below  outdoor  tem- 
perature of  10°  C.  to  a  maxinuun  of  20.7°  C.  The  eggs  were  exam- 
ined twice  daily  up  to  the  thirteenth  day  after  being  laid.  During 
this  period  not  one  of  the  eggs  showed  signs  of  life. 

On  the  thirteenth  day  four  of  the  eggs  showed  signs  of  hatching, 
two  especially  indicating  an  advanced  coiulition.  The  exochorions 
of  these  two  were  split  in  several  i)l!ices  and  the  foi'm  of  the  larva 
could  be  discerned  through  the  semitransparent  shell. 

On  the  next  day  the  other  two  eggs  indicated  definite  signs  of 
hatching,  "^rhe  two  eggs  which  aj)peared  as  prospective  larva'  on  the 
previous  day  were  wholly  inactive  and  apparently  dead.  The  two 
remaining  eggs  on  this  day  were  hopelessly  shriveled  beyond  devel- 
opment. 
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On  the  fifteenth  day.  only  one  egg  of  the  lot  evinced  life  signs  and 
that  feebly.  All  of  the  others  had  collapsed  and  succnmbed  to  the 
unfavorable  environment. 

In  another  experiment,  80  eggs  of  this  species  laid  by  25  females 
were  divided  into  two  lots  of  40  eggs  each.  One  lot  was  subjected  to 
room  temperature  while  the  other  lot  was  placed  in  the  basement. 
The  temperature  here  was  10°  C.  to  15°  C.  Nine  to  thirteen  days 
later  28  of  the  eggs  at  room  temperature^  (18°  C.  to  21°  C.)  had 
hatched  while  the  eggs  at  low  temperature  did  not  hatcli  till  the  nine- 
teenth day  when  22  developed  into  larva\ 

C.    ACUTUS. 

AVe  have  learned  that  squirrel  fleas.  C.  acufua^  lay  eggs  and  pro- 
duce larva?  in  every  season  of  the  year.  We  attempted  to  find  in 
what  uianner  the  extremes  of  temperature  would  influence  oviposi- 
tion  and  hatching.  Two  sets  of  experiments  were  conducted;  one  to 
deteruiine  the  number  of  eggs  laid  and  the  other  to  determine  the 
percentage  of  eggs  hatched  and  healthy  larv;e  inoduced.  Ten  fertile 
females  were  placed  in  each  of  six  glass  beakers.  Three  of  these 
vessels  were  provided  with  moistened  sawdust  and  bran  and  the 
other  three  contained  only  the  fleas;  so  that  the  eggs  could  be 
observed  readily  during  the  iuitching. 

Two  beakei's  of  each  set  were  placed  in  tiie  incubator,  two  in  the 
refrigerator,  and  two  kept  at  room  temperature. 

I'lilr  (if  the  fniidh  s  nml  itiijK  iil  different  teiiiiieraturea. 


TemiKiniliinv 


Fteas  in  moist  sawdust  :tii<l  bran. 


RefrlK«riilor  flwis,  5'-K'  (' 
Tnriilmtor  ttKis,  :n*-3H*  ( 


Dnivl  in  IWRnly-nlnoduys;  no  lurvn> 

prcxliicod. 
Di'iid  ill  threo  days;  no  larvai  j)ro- 
diicfid. 

I.ivInK    room    teni|i«ritiiro     DoimJ  In  lliirty-sl\diiys;(ks|iirva>  pro- 
flisis,  l.'i*  22*C.  ;      diieod. 


Fleas  In  dry  beakers. 


Dead  In  foiirloon  diiys;  ('■  ogps  laid; 

non(^  li;ii<'hod. 
Head  in  I  wo  days;  'J'_'  pgc^  laid;  none 

Imlclifd. 
noad  in  Iwonfv-throfl  days;  103  pkbs 

laid;  .'lOlialcl'ied. 


pri,i:\    iititiTANH. 


V'wv  of  1.*)  Pg^s  l<ej)t  al  a  Icmjx'ial  lire  of  11'  to  15"  (\  hatched 
in  fiflccn  to  si'venteen  days.  Tlie  same  nuinber  of  eggs  kept  as  a 
colli roj  at  room  (eiiipeiatiire  hatciied  in  seven  days.  I'iiglit  of  tlie 
lalhr  proved  fertile. 

In  anollicr  cxprrinicnl  of  a  similar  chaiactt'r  ."'.2  eggs  were  sub- 
jcclcd  lo  ;i  Icnipcraliirc  of  11  to  15"  ('.  iuid  an  (M|iia!  number  of 
eggs  were  iisjmI  as  a  control  at  r(H»m  tenip«'iaturc.  ()f  the  eggs  ke|)t 
nt  the  low  tciiipenit nre,  12  liatdied  in  foniteen  days,  while  of  those 
kept  at  ro<jin  teii»i)erature,  11  hatched  in  seven  to  nine  days. 
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OBSERVATIONS  ON  LARVAL  LIFE. 

The  larva3  upon  hatching  busy  themselves  immediately  in  the  quest 
of  food.  They  experience  little  difficulty  in  locating  it,  for  at  the 
time  of  birth  a  supply  of  food  is  found  upon  the  egg  shell.  Here  they 
feed  from  the  first  on  the  tiny  blood  pellicles  surrounding  the  egg 
shell ;  this  the  mother  furnishes  when  the  egg  is  laid.  "When  the  last 
of  the  egg  pellicles  of  blood  are  consumed  the  insatiable  larvae  forage 
for  other  sustaining  morsels.  The  dejecta  of  the  adult  flea  seems  to 
provide  the  desired  ingredients.  The  young  larva3  feed  ravenously 
on  the  bloody  deposits,  apparently  satisfied  to  pass  the  first'  f ev7  days 
on  this  unique  diet.  They  can  subsist  entire!}^  on  the  bloody  frag- 
ments (flea  faeces)  when  no  other  food  is  available,  for  a  period  of 
several  days. 

AVlien  food  is  not  available  the  recently  hatched  larva  nibbles  its 
egg  shell  and  that  of  its  fellow  (as  yet  unhatched).  It  gives  evi- 
decnce  of  its  activity  immediately  after  extricating  itself  from  the  egg 
shell,  which  it  does  head  first  or  tail  first  according  to  the  species. 
Whipping  its  way  through  the  debris  in  great  haste,  it  forages  "  on 
the  run."  It  passes  alongside  an  object,  assays  a  nibble  rather  ten- 
tatively as  if  testing  the  quality  of  the  food,  rarely  taking  more  than 
a  single  bite  of  any  article. 

One  week  after  hatching  the  cuticle  has  darkened  slightly  but 
still  remains  quite  transparent.  One  can  readily  see,  with  low-power 
microscope,  as  the  insect  feeds,  how  the  food  passes  in  dark  masses 
through  the  mouth  and  along  the  alimentary  tract,  while  the  buccal 
cavity  is  moistened  wnth  bubbles  of  liquid  arising  from  the  salivary 
glands.  The  egg-opener  at  this  stage  (sixth  day)  has  been  retained, 
though  its  edge  is  somewhat  blunted  and  worn. 

In  a  batch  of  eggs  the  first  larva  hatched  is  generally,  perhaps 
invariably,  the  largest.  After  it  has  hatched  it  chews  off  tlie  bloody 
particles  from  its  own  shell,  then  nibbles  on  that  of  the  others  of  the 
family  prior  to  their  hatching. 

A  larva  of  /*,  irritaH.s  was  seen  to  emerge  from  the  egg  with  head 
first,  the  tail  wedged  in  the  egg  shell.  The  tail  was  freed  from  the 
shell  by  a  relentless  butting  of  its  head  against  the  shell  where  the  tail 
was  lodged.  There  is  some  evidence,  from  the  eggs  observed,  that 
L.  cheopis  and  T'.  fasciatus  on  the  contrary  emerge  tail  first. 

The  larva'  of  (J.  fasciatus  can  live  without  feeding  (i.  e.,  in  artificial 
conditions)  for  four  to  six  days;  and  in  one  instance  three  larvu'  of 
this  species  fed  for  nine  days  on  an  exclusive  diet  of  flea  dejecta  and 
egg  shell  debris. 

'J'iie  color  of  the  larva  is  signilicaut  in  the  larviil  cycle.  \{  birth 
and  for  a  i)eriotl  of  three  days  the  color  is  waxy  white;   then  the 
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larva  feeds  on  bloody  excrement  and  egg  pellicles  and  the  color  of 
the  food  imparts  a  reddish-brown  color  to  the  internal  organs  of  the 
younof  insect. 

At  the  second  moult  this  bloody  color  is  lost,  since  the  blood  pellicles 
deposited  by  the  parent  have  dried  up  and  the  diet  is  composed  of 
dirt  particles  and  other  organic  debris.  We  have  found  that  the 
intestinal  tract  is  cleared  about  the  third  week.  At  this  time  the 
color  of  the  cuticle  turns  to  grayish  and  tljen  to  butf,  which  color  is 
uniform  until  the  third  moult  prior  to  spinning  of  the  cocoon. 

GENERA!,    :METAM0RPH0SES. 

The  long  life  of  our  native  parasites  seems  to  be  anticipated  at  the 
very  incubation.  Eggs  of  the  various  species  are  laid  at  all  times. 
Oviposition  lias  been  observed  during  every  month.  The  broods 
appear  to  be  constant  and  irregular.  The  incubation  stage  of  our 
eastern  forms,  taken  from  the  observations  of  Pergande,  consumes 
two  to  four  days  ordinarily.  Two  days  is  given  as  the  incubation 
period  for  the  rheopis  in  India.  Our  experience  with  this  species 
indicates  a  duration  varying  from  nine  to  thirteen  days  at  room 
temperature.  AMien  eggs  of  this  species  were  subjected  to  identical 
conditions  in  which  wild  rats  were  caged  in  the  laboratory  basement 
(at  a  temi)eratiiro  of  10°  to  15°  C.)  the  length  of  the  Qgg  stage  was 
iiinoteen  days. 

Larval  life  is  cited  by  Americnn  and  English  authorities  as  a 
iiiiiiiiiiiiii  of  eight  days  and  a  maximnm  of  twenty-four  days.  The 
larval  stage  of  our  California  fleas  under  laboratory  conditions  is 
rarely  less  than  twenty-eight  days,  often  thirty  days,  and  sometimes 

Inii^rcp. 

I'ri-gaiidc  found  that  the  ])iii)al  or  cocoon  stage  of  the  /'ulcr  'nr'ttann 
vari«'il  fr<iiii  live  to  seven  days  in  the  sMnnncr  months  at  \\'asliington. 
<')tln'r  anthois  working  with  this  species  give  twelve  days  during  the 
summer  months.  W'v  Imve  observed  several  instances  of  cocoon  life 
during  the  wjmui  days  of  September.  Here  a  uiaxiuiiun  of  thirty 
days  was  spent  in  this  stag**.  During  the  coldei"  season  this  lien 
remain<"<l  in  the  cocoon  as  long  as  Ihirty-rour  days. 

Tlie  entii-e  life  cycle,  ineluding  adult  life,  is  given  by  several 
nutliors  a-^  four  to  six  weeks.  'I'he  aiUisoiy  comniittee  on  |)lague 
investigations  in  India  gives  as  the  time  necessary  for  the  completion 
of  llie  cycle  of  dexelopnienl  (in  (lie  (  ase  of  A.  r//r^</;/.s)  that  is,  from 
the  e^'g  to  (lie  imago — as  twenty-one  to  (wen(y-t\vo  days. 

'I'lie  following  is  given  as  a  type  of  the  lif«'  cycle  obseixed  in  ('. 
arntiiM.  Thiw  species  wns  kept  under  observadon  finm  (he  uiouienl 
the  egg  wns  laid  by  its  parent.  An  hour  after  (he  egg  wns  laid  it 
was  placed  in  a  snudl  vial  with  a  little  sawdust,  sand,  wheal  grains, 
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and  squirrel  hair.     It  was  allowed  to  develop  in  this  environment 
until  matured. 


stage  of  development. 


Date. 

1909 

May 

4 

May 

12 

May 

IS 

May 

2S 

June 

9 

July 

10 

Aug. 

11 

Age  (days). 


Egg  laid 

Hatched 

Molted  (second  stage) 

Molted  (third  stage) 

Cocoon 

Adult 

Alive  (never  having  been  fed) 


The  following  table  gives  the  length  of  time  required  for  the 
various  stages  of  several  species  (under  different  climatic  conditions). 
The  data  from  India  were  taken  from  the  reports  of  the  English 
advisory  committee  on  plague  in  India.  The  data  from  Australia 
were  gleaned  from  the  ''  Reports  of  plague  in  Australia,  1903,"  by 
J.  Burnett  Ham;  those  from  Europe  were  compiled  from  accounts 
of  Eaillet  and  others;  those  of  the  Atlantic  coast  from  Howard  and 
Pergande,  and  the  Pacific  coast  data  are  the  result  of  our  experience 
in  the  San  Francisco  Bay  region  of  California. 

The  cycle  of  development  In  different  countries. 
[Compiled  from  accounts  of  various  authors.] 


Country  and  species  of  flea. 

Egg. 

Larva. 

Pupa. 

Complete  gener- 
ation. 

2  days 

1  week 

7  to  14  days 

14  days 

21  to  22  days. 

12  days 

4  to  6  weelis. 

Europe: 

4  to  6  days 

11  days 

12  days 

4  to  6  weeks. 

12  days.. 

10  to  16  days 

5  to  7  days 

30  to  34  days 

25  to  30  days 

24  to  27  days 

24  to  26  days 

5  to  6  weeks. 

United  States: 

Atlantic  coast— 

P.  irritans 

|2  to  4  days 

7  to  9  days 

9  to  13  days 

7  to  8  days 

5  to  6  days 

8  to  24  days 

28  to  32  days 

32  to  34  days 

26  to  28  days 

24  to  27  days 

2  to  4  weeks. 

Pacific  coast— 

9  to  10  weeks. 

L.  cheopis 

9  to  11  weeks. 

8  to  9  weeks. 

C.  fasciatus 

7  to  8  weeks. 

LONGEVITY  OF  THE  CALIFORNIA  FLEA. 

The  English  workers  in  India  ascertain  the  length  of  time  which 
adult  fleas  live  on  rats  as  forty-one  days.  The  longest  life  of  this 
species  on  an  exclusive  diet  of  human  blood  was  observed  to  be 
twenty-seven  days.  We  have  managed  to  keep  this  species  (cheopis) 
alive  for  a  period  of  thirt3^-six  days  by  feeding  on  man.  The  length 
of  life  without  feeding  was  also  noted.  This  period  varied  in  the 
experiments  of  the  English  commission  according  to  the  environment 
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in  which  the  fleas  were  maintained.  In  the  absence  of  liquid  food 
siiiDply.  fleas  could  live  in  bran  for  six  days,  in  gunny  sacking,  a 
similar  time,  and  in  sand  with  moist  cow  dung  for  thirteen  days. 
From  our  observations  we  have  found  the  majority  of  fleas  of  all 
species  to  die  in  five  days  luiless  a  moist  medium  was  provided. 

As  we  have  stated  above  rat  and  squirrel  fleas  may  be  kept  alive 
for  a  considerable  time  when  moisture  is  provided  in  some  form.  It 
is  interesting  to  note  that  fleas  which  have^never  tasted  animal  food, 
having  emerged  from  the  cocoon  and  kejDt  under  the  same  conditions 
in  similar  material  as  fleas  which  were  fed  for  several  days  and  then 
starved,  will  prove  longer  lived.  A  number  of  specimens  of  Ceratu- 
phyUus  acutus  removed  from  a  ground  squirrel  and  kept  in  moistened 
wheat  grains  and  sawdust  lived  for  twenty-six  days.  An  equal  num- 
ber of  fleas  of  the  same  species  bred  from  cocoons  in  the  laboratory 
were  kept  without  a  host  in  a  similar  medium.  One  male  lived 
thirty-eight  days  and  a  female  lived  for  sixty-five  days. 

In  a  series  of  experiments  in  which  fleas  taken  from  healthy  rats 
and  squirrels  were  fed  daily  on  the  arm  of  a  man,  we  attempted  to 
determine  the  maximum  longevity  of  these  parasites.  The  fleas  were 
placed  individually  in  open  test  tubes  and  at  feeding  time  the  tubes 
were  inverted  over  the  arm  of  one  of  the  laboratorj^  attendants. 
Fleas  were  thus  applied  daii}'  for  a  period  of  from  five  to  fifteen 
minutes,  but  only  the  actual  feeding  time  was  recorded.  The  average 
was  about  five  minutes. 

A  LanwpsyJla  chcopis  was  fed  for  thirty-five  days,  escaping  on 
the  thirty-sixth  day.  One  C.  acutus  died  after  fifty-eight  days  and 
another  one  at  the  end  of  fifty-one  days.  The  common  brown  rat  flea, 
C.  f(i.s(liitus^  proved  to  be  the  most  persistent  feeder  of  them  all.  Un- 
fortunately one  of  them  was  permitted  to  escape  after  feeding  on  its 
iiuhiced  host  for  sixty-three  days.  Another  of  the  group  sufl'ered  no 
ill  effects  from  its  enforced  diet  of  hiunan  blood  for  ninety-eight 
days;  and  the  sole  survivor  had  been  nourished  by  its  foster  host 
since  its  removal  from  the  rodent  host  ior  a  period  of  five  months. 
The  e.xperinient  was  discontinued,  but  the  parasite  survived  a  week 
longer  in  a  starved  condition. 

L(»N(iKVnv    ItKI.ATIVK    TO    SKX. 

AVe  have  note*!  the  n-lativc  longevity  of  the  sexes  under  the  condi- 
tions of  cxpcrinicnts,  in  which  fleas  were  fed  on  human  blood  alone. 
'J'lie  experiments  with  each  sj>ecies  were  conducted  during  the  sajue 
month  an<l  under  similar  conditions. 

Wv  shall  taUe  for  consitleration  the  two  species  connnoii  to  lats, 
L.  vhcop'iH  and  ('.  fuxc'tainH^  and  the  predominant  s(|uii*rcl  iK-a,  l\ 
ariitiis.     Four  tcst^  with  C.  fatfciatun  give  the  lullowing  data: 
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C.  FASCIATTJS. 


Six  males  of  this  species  averaged  eight  and  one-half  days,  the 
maximum  life  being  seventeen  days.  Fifteen  females  gave  an  average 
of  thirty-two  and  four-fifth  days  with  a  maximum  of  one  hundred 
^nd  sixty  days.  The  two  unfed  controls  (male)  of  this  series  lived 
for  three  days,  and  the  two  control  females  lived  for  five  days. 


L.    CHEOPIS. 


Two  tests  with  a  total  of  seven  males  of  this  species  gave  an  average 
of  ten  and  one-seventh  days,  and  a  maximum  period  of  fifteen  daj^s. 

Three  females  lived  twenty-eight  and  one-third  days  as  an  average 
and  a  maximum  period  of  forty-nine  days. 

The  two  unfed  male  controls  lived  five  days,  and  in  four  females 
the  average  was  five  and  one-half  days  and  the  maximum  was  seven 
days. 

C.  ACUTUS. 

One  test  with  this  species  furnishes  the  following  data:  Three 
males  averaged  eleven  days,  and  in  fact  all  died  on  the  eleventh  day. 

Five  females  averaged  fifteen  and  one-fifth  days.  The  longest  life 
was  fifty-three  daj^s. 

The  unfed  males  averaged  three  days  and  showed  a  maximum  of 
four  days.    The  female  control  lived  five  days. 

The  greatest  length  of  life  of  a  male  of  any  species  is  seen  to  be 
seventeen  days ;  and  the  maximum  period  for  a  female  was  one  hun- 
dred and  sixty  days,  somewhat  over  five  months. 

In  these  tests  for  longevity  it  should  be  borne  in  mind  that  no 
attempt  is  made  to  arrive  at  the  initial  age  of  the  fleas,  but  the  time 
is  reckoned  from  the  day  of  removal  from  the  host. 

An  effort  was  made  to  determine  the  length  of  adult  life  of  one 
species,  C.  acutus,  by  feeding  the  insect  newly  emerged  from  the 
cocoon.  Ten  specimens,  emerging  within  a  few  hours  of  each  other, 
were  fed  on  the  same  day  on  human  bU)od.  One  specimen,  a  female, 
lived  for  sixty-four  days,  at  which  time  the  experiment  was  discon- 
tinued. The  unfed  controls,  as  well  as  the  specimens  given  a  hunum 
blood  diet,  were  kept  in  ordinary  test  tubes  at  room  temperature. 
The  activities  of  these  fleas  may  have  been  influenced  by  changes  in 
the  temperature  and  the  absence  of  moisture  in  the  tubes. 

THE   REACTION    OF   FLEAS   TO    LIGHT. 

In  the  matter  of  the  reaction  of  fleas  to  light,  no  ojiportunity  has 
been  presented  for  the  obtaining  of  accurate  data  with  special  ap- 
paratus. The  observations  were  made  in  a  cursory  way  under  nearly 
natural  conditions,  and  no  attempt  was  made  to  distinguish  the 
kinetic  from  the  photic  influences. 
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THE    LARVA. 

The  larva  is  positively  heliotropic  up  to  the  stage  of  the  initial 
molt.  The  more  advanced  sluggish  larva'  are  repelled  by  the  light. 
This  is  seen  when  examining  the  flea-breeding  cages;  a  slight  stirring 
of  the  nesting  material  attracts  to  the  surface  the  tiny  very  active 
hirva\  If  the  older  larva^  are  desired,  it  is  found  necessary  to  nearly 
invert  the  container.  Prior  to  the  final  moh.  when  the  larva  is  in 
readiness  to  pupate,  it  can  be  seen  almost  invariably  along  the  edges 
at  the  bottom  of  the  box,  where  the  greatest  number  of  cocoons  are 
brought  to  view. 

THE  ADI'LT  FLEA. 

Rodent  fleas  are  negatively  heliotropic  (repelled  by  light)  to  a 
very  striking  degree.  The  first  impulse  seems  to  be  to  seek  protec- 
tion from  the  light.  This  is  seen  in  combing  a  squirrel  or  rat  recently 
killed;  the  fleas  will  retreat  constantly  to  the  underside,  always  in 
the  direction  away  from  the  light.  AMien  shaken  oft',  they  return 
lo  the  shadow  of  the  host;  in  numerous  instances  when  the  animal 
was  dead  for  a  period  ranging  from  twenty-four  to  fifty  hours,  the 
fleas  when  shaken  oft"  would  seek  the  host  and  bury  themselves  under 
the  hairs  away  from  the  light. 

When  a  number  of  live  squirrel  fleas  and  rat  fleas  were  placed  in 
an  open  test  tui)e,  and  held  horizontally,  with  the  operator's  thumb 
covering  the  mouth  of  the  vial  and  the  bottom  held  against  the 
window,  the  fleas  crowded  toward  the  open  mouth  in  the  direction 
(»f  the  thumb,  bounding  away  from  the  window  in  an  excited  manner. 
AVhen  the  tube  was  reversed  with  the  open  mouth  toward  the  window, 
it  was  found  unnecessary  to  plug  the  mouth  of  the  tube,  as  the  fleas 
did  not  attempt  to  jinnp  out  wh<'n  given  an  oppoi'tunity  to  do  so. 
Even  when  placed  within  a  half  inch  of  the  o\)on  end  of  the  tube 
with  the  head  of  the  insect  tiirned  toward  the  light,  the  fleas  reversed 
and  jnnipiMi  toward  the  closed  end  of  the  tnlx'.  This  was  repeated 
by  tilting  the  mouth  downward  to  oiler  an  easier  exit  through  the 
open  month,  but  even  this  indMcemcnt  did  not  inlliience  the  fleas, 
which  invariably  sought  the  do-cd  end  of  the  tui)e  in  the  shadow. 
This  wii.s  tried  with  .s(|uii  id  and  rat  fleas,  as  well  as  with  hunnin  fleas, 
anri  always  with  thi-  -aiiic  ic^nU. 

.\(tri;s  ON  Tin;  ikkdino  tkockss. 

Tiiore  JH  a  rcmarkalilc  degree  of  variation  in  tin-  reeding  hai)its  of 
th«'  diiren-Ml  species  of  fleas.  W'v  have  not  alleuipled.  except  in  a 
.^u|«•rlieial  way.  to  study  the  idiosyncrasies  ol'  the  id(U'nt  fleas  in  re- 
giird  to  the  biting  of  their  noiinal  hosts.  Wv  have,  however,  <|uite 
thorougldy  observed  ihe  manner  of  biting  un<h.'r  ex|t(riniental  con- 
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ditions  with  man  as  a  host.  Without  taking  into  account  the  attrac- 
tion or  repulsion  which  may  be  exerted  toward  man  as  a  host,  we  shall 
consider  the  more  striking  features  of  the  biting  of  the  parasites.  We 
find  that  the  species  do  not  all  attack  with  equal  avidity.  Pnlex 
irritaiis,  the  normal  parasite  of  man,  is  insatiable  in  its  blood  craving. 
It  differs  in  its  relation  to  man  in  being  more  fastidious  in  its  feeding 
than  the  rodent  fleas.  Although  its  bite  is  painful,  it  does  not  volun- 
tarily feed  in  one  spot  for  any  great  length  of  time.  The  Pulex  irri- 
tans  differs  from  all  other  species  (hundreds  of  specimens  of  which 
were  tested  on  human  hosts)  in  that  it  squirts  blood  per  anum  during 
the  act  of  biting. 

The  L.  cheopis  and  C.  fasciatus,  the  normal  rat  parasites,  are  found 
to  bite  man  with  equal  readiness  and  will  live  about  the  same  length 
of  time  when  fed  on  human  blood.  Their  biting  is  well  defined  and 
effective,  but  not  nearly  so  painful  as  that  of  Pulex  imtans,  nor  so 
prolonged  as  that  of  the  common  squirrel  flea,  Ceratophyllus  acutus. 
A  specunen  of  C.  acutus  when  starved  for  several  days  has  been  ob- 
served to  feed  on  man  uninterruptedly  for  a  period  of  nearly  one  hour 
(fifty-nine  minutes)  at  one  insertion  of  its  proboscis. 

The  bite  of  the  Ctenopsyllvs  museuU,  the  blind  flea  of  the  mouse,  is 
the  feeblest  we  have  had  inflicted  from  any  flea  tested.  The  short, 
weak,  piercing  organs  of  this  species  make  a  puncture,  which  is 
scarcely  perceptible.  In  observing  the  length  of  time  this  flea  bites  it 
is  necessary  to  depend  as  a  guide  on  the  distention  of  the  abdomen 
with  blood  rather  than  the  prick  of  the  mandibles.  The  musculi 
seems  not  able  to  adapt  itself  as  an  induced  parasite  of  man ;  from  a 
few  experiments  it  appears  to  live  not  longer  than  five  days  on  a 
human  host. 

The  Ccrdtophyllus  orutufi,  which  proves  a  very  readj^  parasite  of 
man,  makes  its  attack  even  under  natural  conditions  as  well  as  those 
of  an  experiment.  Our  datn  compiled  from  reports  and  collections  of 
squirrel  hunters  shows  that  this  species,  as  well  as  the  other  common 
squirrel  flea,  Iloplopsylhis  (uiomaJus  Baker,  will  bite  man  when  ex- 
posed to  their  attacks. 

The  unusually  long  rostrum  in  tlie  C.  acutus  is  presumed  (o  be  the 
cause  of  its  prolonged  feeding  at  one  insertion  of  the  mouth  parts. 
A  correlation  between  length  of  sucking  organs  and  the  time  required 
for  feexling  has  been  noted  in  other  insects. 

The  following  is  the  description  of  the  method  of  feeding  observed 
in  ('.  arutufi.     This  method  is  typical. 

The  flea  when  permit  led  to  walk  freely  on  the  arm  selects  in  a  few 
minutes  a  suitable  hairy  space  where  it  ceases  abruptly  in  its  locomo- 
tion, takes  a  firm  hold  with  the  tarsi,  projects  its  proboscis,  and  pre- 
pares to  puncture  the  skin. 
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A  puncture  is  drilled  by  the  pricking  epipharynx,  the  sawtooth 
mandibles  supplementing  the  moyement  by  lacerating  the  cavity 
formed.  The  two  organs  of  the  rostrum  work  alternately,  the  middle 
piece  boring,  while  the  two  lateral  elements  execute  a  sawing  move- 
ment. The  mandibles,  owing  to  their  basal  attachments,  are,  as  is 
expressed  by  the  advisory  committee  on  plague  investigations  in  India 
(Journal  of  Hygiene,  vol.  6.  Xo.  4.  p.  409),  '•  capable  of  independent 
action,  sliding  up  and  down  but  maintaining  their  relative  positions 
and  preserving  the  lumen  of  the  aspiratory  channel."  The  labium 
doubles  back,  the  V-shaped  groove  of  this  organ  guiding  the  mandibles 
on  either  side. 

The  action  of  the  proboscis  is  executed  with  a  forward  movement  of 
the  head  and  a  lateral  and  downward  thrust  of  the  entire  body.  As 
the  mouth  parts  are  sharply  inserted,  the  abdomen  rises  simultane- 
ously. The  hind  and  middle  legs  are  elevated,  resembling  oars.  The 
f(n-elegs  are  doubled  under  the  thorax,  the  tibia  and  tarsi  resting 
firmly  on  the  epidermis  serve  as  a  support  for  the  body  during  feed- 
ing. The  maxillary  palpi  are  retracted  beneath  the  head  aiul  thorax. 
The  labium  continues  to  bend,  at  first  acting  as  a  sheath  for  the  sawing 
mandibles,  and  as  these  are  more  deeply  inserted,  it  bends  beneath  the 
head  with  the  elasticity  of  a  bow,  forcing  the  mandibles  into  the 
wound  until  the  maxilhe  are  embedded  in  the  skin  of  the  victim. 
When  the  proboscis  is  fully  inserted,  the  abdomen  ceases  for  a  time  its 
latei-al  swinging. 

Tlie  acute  jniiii  of  biting  is  first  felt  when  the  mandibles  have  not 
quite  penetrated  and  subsequently  during  each  distinct  movement  of 
the  abdomen.  Tlie  swinging  of  the  abdomen  gradually  ceases  as  it 
iM'comcs  lilled  with  blood.  The  sting  of  the  biting  becomes  gradually 
duller  and  less  sensitive  as  feecling  j)rogresses.  The  movements  of 
the  elevated  iiixlonien  grow  noticeably  feebler  as  the  downward 
thrusts  of  the  springy  bow-like  labium  become  less  frequent. 

As  the  feeding  j)r<>cess  advances  one  can  discern  through  the  trans- 
lucent walls  of  the  abdomen  a  constant  (low  of  blood,  caudally  iVoiu 
the  pharynx,  accompanied  by  a  peii^lallic  movement. 

The  end  of  the  meal  is  signified  in  an  aiini|)t  niamier.  Tlic  (lea 
shakes  its  eritii'e  body,  and  gradually  withdraws  its  proboscis  by 
lowering  the  abdomen  and  legs  and  \i(>Ien(ly  twisting  (he  head. 

^^'hen  stai-ved  for  se\eral  days  (he  feeding  of  (he  ra(  (leas  is  con- 
ducted in  a  rather  vigoi'ous  manner.  As  soon  as  the  |)rol)oscis  is 
buried  to  the  full  length  tin'  abilomen  is  i-aise«l  and  there  ensues  a 
gradual  lateral  swaying  motion,  in<-reasiiig  (he  al(i(ud*>  of  (he  raised 
end  of  the  »bd»»men  until  it  assmnes  the  peipendicidar.  The  (lea  is 
oliM-rved  at  this  point  to  gain  a  better  foothold  by  advancing  the 
fore  tarhi,  and  tlieii,  gra<lually  doubling  bacU  the  idxiomen.  it  (urns 
with  extreme  agility,  nearly  touching  with  i(s  d(U-sal  side  (he  skin  of 
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the  hand  upon  which  it  is  feeding.     Meanwhile,  the  hungry  para- 
site feeds  ravenously. 

It  is  interesting  to  note  the  peculiar  nervous  action  which  the 
rodent  fleas  exhibit  immediately  when  the  feeding  process  is  com- 
pleted or  when  disturbed  during  the  biting.  Even  while  the  rostrum 
is  inserted  to  the  fullest  the  parasite  shakes  its  head  spasmodically; 
in  a  twinkling  the  mouth  is  withdrawn  and  the  flea  hops  away. 

POSSIBLE    VITAL    CONSIDERATIONS    INVOLVED    IN    FEEDING    HABITS. 

We  have  previously  noted  that  rodent  fleas  can  live  in  a  starved 
condition,  away  from  the  host,  during  a  period  of  three  to  ten  days, 
when  kept  in  dry  test  tubes — as  long  as  twenty-eight  days  when  a 
suitable  moist  medium  is  furnished.  The  long  periods  of  starvation 
appear  not  to  affect  the  vitality  of  the  parasite  to  such  an  extent 
that  the  ability  to  feed  is  impaired.  We  have  recorded  instances  in 
which  a  specimen  of  the  squirrel  flea,  H.  anomalus,  starved  for  six- 
teen days,  and  several  specimens  of  C.  acutus  starved  for  twenty- 
seven  days  had  sufficient  energy  to  feed  ten  to  fifteen  minutes  when 
an  arm  was  placed  in  the  breeding  jar.  These  facts  led  us,  with 
others,  to  accredit  in  a  measure  the  claims  of  older  authorities  on 
plague,  who  contended  before  the  flea  theory  was  recognized  that 
clothes  and  baggage  of  an  infected  community  harbored  the  germs  of 
plague,  which  remained  viable  during  long  periods  of  time.  Modern 
writers  have  called  our  attention  to  the  plausibility  of  infection  in 
clothes  and  baggage,  due  to  the  agency  of  fleas,  which  may  be  trans- 
ported from  infected  communities.  Bannerman  (Journal  of  Hy- 
giene, 1906,  vol.  G,  pp.  189-199),  writing  on  the  possibilty  of  the 
spread  of  infection  by  means  of  clothes,  brings  forth  several  instances 
in  which  conveyance  of  infection  by  clothes  seemed  the  most  likely 
means  of  introduction  of  plague  in  some  villages  in  India.  Plague- 
infected  rat  fleas  secreted  in  the  clothes  en  route  are  held  responsible 
for  the  transmission.  Bannerman  cites  an  instance  of  plague  trans- 
mission through  clothing  where  as  much  as  ten  days  elapsed  in  the 
tranjjortation  of  clothing  removed  from  a  plague-infected  victim  and 
worn  by  a  relative  of .  the  deceased,  who  in  turn  contracted  plague. 

THE    I'noMFH'NESS    OF    V.    ACl^lUS. 
HOW     MANY     YorNC     WII.I,    ONK     FIOMAl.K    rKODlTCK? 

The  "Ivepoi-ts  of  (he  advisory  committee  on  j^lague  investigations 
in  India"  (Journal  of  Hygiene,  li)OS,  vol.  S,  No.  2,  p.  24:5),  cites  an 
experiment  in  (he  reproduc(i()n  of  A.  chcopix.  In  this  instance  200 
fleas  of  both  sexes  wei'e  j)hi('('d  on  rats  as  (he  host.  The  experiment 
was  conducted  by  placing  40  fleas  on  each  of  5  rats.     The  eggs  of 
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these  fleas  were  removed  at  intervals  and  permitted  to  develop  to 
maturity. 

At  the  end  of  the  third  week  the  fleas  produced 86 

At  the  end  of  the  fourth  week  the  fleas  produced 320 

At  the  end  of  the  fifth  week  the  fleas  produced 527 

At  the  end  of  the  sixth  week  the  fleas  produced 456 

Total    production   in   six   weeks 1,398 

The  following  experiments  were  conducted  in  San  Francisco  for 
the  purpose  of  ascertaining  the  reproductive  powers  in  a  single  flea : 

The  fleas  provided  in  this  experiment  were  of  the  species  G.  acutus 
kept  under  observation  dui:ing  the  cocoon  stage.  They  were  collected 
within  twenty-four  hours  of  the  emergence  from  their  cocoons  and 
not  permitted  to  feed.  We  may  state  in  this  connection  that  ordi- 
narily the  newly  emerged  insect  does  not  feed  for  as  much  as  three 
days,  at  which  time  it  has  quite  dried  and  the  chitin  begins  to  harden. 
The  new  insects  were  examined  with  a  lens  and  segregated  as  to  sex. 
They  wei-e  distributed  among  the  hosts  (white  rats)  in  the  follow- 
ing numbers : 


' 

Males. 

Females. 

Cogel 

StTXti  1. 

3 
9 
15 

G 

1 

Cage  2 

3 

Cage  3 , 

5 

Cage  4 

Series  S. 

<>6 

o  Collected  in  copulu  while  on  the  live  S(|ilirrel. 

Tiiese  parasites  were  placed  in  siiiall  llia-iMoof  boxes  with  a  layer 
of  wheat  grains  and  sawdust  and  a  small  while  rat  foi-  a  host.  The 
r;il  was  fed  on  wlical  and  fi-esh  cai-rots  and  (>nough  fresh  saw- 
dust was  added  from  liiiie  lo  liiiH-  lo  absorb  (lie  luoisliire  which 
arruinulal<i|. 

Ill  .sci'ics  1  the  (leas  were  (bsl  libiilcd  in  llic  proportion  of  :\  males 
lofvery  fenuile,  to  insure  the  fertility  of  the  latter,  as  we  have  learned 
from  niiiiK-roiis  observations  that  tlic  male  assiiines  the  |)assiv(>  role 
in  the  (•opidatory  act. 

In  serir.s  2  the  fleas  used  in  cage  I  were  taken  from  a  squirrel  by 
means  of  a  earners  hair  brush  dip|M(|  in  ctlicr.  Six  j)airs  of  these 
fifas  whih'  stup«'(ie<I  weic  j)laccd  in  tlic  cage  with  the  white  rat. 
Tliis  series  was  use<l  to  checU  the  results  of  series  L  sinci*  we  were 
not  able  t(»  determine  at  what  age  breeding  takes  plac*'. 

I)iiring  tin-  time  tlu-  iiits  were  used  to  feed  th«'  parasites  the  bedding 
<tf  till-  «-age  wa.s  not  removed,  so  that   the  natural  conditions  foi-  Ilea 
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development  were  maintained.  A  layer  of  dry  sawdust  Avas  sprinkled 
in  the  cages  every  week. 

Five  weeks  elapsed  before  the  hosts  were  removed  from  the  cages. 
They  were  carefully  combed,  and  the  fleas  obtained  from  this  source, 
as  well  as  those  collected  from  the  bedding,  were  placed  in  glass  vials 
to  ascertain  if  more  eggs  would  be  deposited.  After  two  weeks  no 
eggs  were  found  in  the  vials,  therefore,  it  was  assumed  that  oviposi- 
tion  was  completed.  The  flea  breeding  boxes  were  placed  in  a  flea- 
proof  closet  of  the  laboratory  and  examined  occasionally. 

The  fleas  as  they  emerged  were  anaesthetized  and  examined  micro- 
scopically to  insure  against  "  hold  overs  "  having  escaped  the  vig- 
ilance of  the  observer  at  the  time  the  host  was  removed.  The  ap- 
pearance of  the  stomach  contents  in  the  absence  of  mammalian  blood, 
and  the  "  new  "  appearance  of  the  parasite  were  certain  criteria  that 
the  flea  had  recently  emerged.  In  all  the  cages  it  was  interesting  to 
note  that  males  made  their  appearance  one  to  three  days  prior  to 
the  females. 

The  fleas  first  to  emerge  were  observed  on  February  10,  1910,  in 
cage  4,  where  the  parent  fleas  Avere  placed  on  the  host  December  8, 
1909.  ten  weeks  previously.  The  last  fleas  to  emerge  from  this  box 
were  collected  within  three  days  of  the  appearance  of  the  first. 

The  total  number  of  fleas  produced  from  the  six  females  was  183, 
an  average  of  30.5  per  female. 

In  the  other  series  of  three  cages  the  fleas  emerged,  as  anticipated, 
at  a  later  date  than  the  progeny  of  those  found  mating.  The  first 
to  appear  in  this  series  was  a  male,  the  product  of  cage  2.  The  date 
of  emergence  was  March  23,  1910,  after  a  period  of  fifteen  weeks. 

Emergence  occurred  in  this  series  during  a  period  of  ten  days.  Tlie 
boxes  were  observed  ten  days  longer  before  they  were  discarded.  The 
following  enumerates  the  results  of  the  reproduction  of  these  fleas : 


Cage  1. 
Cage  2. 
Cage  3. 


Total  fleas  produced . 
Average  per  female. . 


Females  ]  Number 
used,      produced. 


60 
n4 


183 
20.3 


In  this  test  to  determine  the  number  of  fleas  produced  by  a  siugle 
female  we  must  not  overlook  certain  salient  factors. 

There  is  doubtless  a  seasonal  variation  in  the  difl'erent  broods  duo 
to  environmental  changes.  Although  this  species,  C.  acutus,  lays  eggs 
at  all  seasons  of  the  year,  it  is  probable  that  the  number  deposited  and 
the  percentage  hatched   fluctuate   markedly.     Other   considerations 
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would  include  the  change  of  host  from  squirrel  to  white  rat  and  the 
fact  that  animals  in  cages,  especially  white  rats,  clean  themselves  of 
parasites.  It  is  perhaps  needless  to  state  that  a  study  of  this  nature 
would  entail  observations  covering  a  long  period  of  time  in  order  to 
obtain  accurate  data. 

SEASONAL    DISTRIBUTION    OF    RAT    FLEAS. 

Breeding  experiments  with  rat  fleas  of  tlie  species  C.  fasciatus,  L. 
cheopig,  Ct.  muscidl  convince  us  that  propagation  takes  place  in  all 
seasons.  Flea-breeding  cages  supplied  with  a  rat  for  a  host  fur- 
nished new  fleas  in  every  month  of  the  year  1909.  Fleas  removed 
from  these  rats  at  all  times  laid  eggs  which  produced  larva?,  and 
despite  the  fact  that  these  cages  were  drained  of  fleas  constantly  for 
experimental  purposes,  to  the  extent  of  1,500  C.  fasciatus  from  one 
cage,  at  the  end  of  one  year  there  was  no  apparent  diminution  in 
numbers  of  parasites  in  the  adult  form.  The  entomologist  of  the 
advisory  connnittee  on  plague  investigations  in  India  (Journal  of 
Hygiene,  1908,  vol.  8,  No.  2,  p.  242)  found  that  in  Bombay  the  L. 
cJuopis  bred  in  every  month  for  one  year,  February.  1900,  to  Feb- 
ruary. 1907.  However,  flea  breeding  in  the  month  of  June  was  found 
to  be  not  so  vigorous  as  during  the  rest  of  the  year. 

In  relation  to  the  prevalence  of  rat  fleas  in  California  due  to  sea- 
sonal variations  we  shall  consider  mainly  the  ecological  phases.  The 
occurrence  of  epizootic  plague  in  various  countries  has  prompted 
several  investigators  to  carry  on  extensive  enumerations  of  fleas  taken 
from  rats.  The  workers  in  India  and  in  Australia  have  establisheil 
l>eyon(l  doubt  a  direct  correlation  in  (K-currence  of  rat  plague  to  rat 
fleas. 

The  tremendous  "clean  up"  during  the  recent  epizootic  of  plague 
in  San  Francisco  has  probably  influenced  the  flea  count  of  rats 
trapped  in  that  city.  The  destruction  of  ininimerabie  rat  harbors  and 
rat  nests  during  the  sanitary  cauipaigii  interferred  materially  with 
the  normal  conditions  of  parasitism  in  these  rodents.  The  nest  of 
rodents  generally  is  the  ideal  collecting  ground  for  fleas,  and  in 
a<hiptiiig  theujselves  to  the  environmental  changes  induced  by  the 
fe<leral  sunitariuns  thousands  of  rats  were  driven  iVoin  iheir  normal 
nesting  places  into  the  sewers  where  they  were  tiajipcd  and  brough.t 
l«)  (he  laboratory  and  examined  l)y  us  for  their  paiasites.  The  search 
for  fleas  on  thes(«  animals  proved  not  very  fruit  f>il.  as  we  soon  learned 
that  tlic  M'wer  produced  anything  but  optimum  conditions  for  flea 
life.  Th(»  live  rats  examined  weie  in  the  main  taken  from  city  sewers, 
couM'fjuently  our  records  prove  unserviceable  foi-  the  present  dis- 
ciiHsion. 
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The  conditions  found  in  the  towns  of  Berkeley  and  Oakland,  pres- 
ent for  our  purposes  better  normal  faunal  interrelations.  We  shall 
omit  the  consideration  of  epidemiology  by  presenting  data  gleaned 
during  nonepizootic  times,  a  period  efnbracing  an  enumeration  of 
twelve  months. 

These  counts  were  made  and  reported  to  us  by  Mr.  August  Venzke, 
laboratory  assistant  at  the  Oakland  branch  of  the  j^lague  laboratory. 
We  are  greatly  indebted  to  this  careful  painstaking  collector  for  the 
data  presented. 

In  order  to  prevent  the  fleas  from  leaving  the  rats  while  the  latter 
were  being  transported  in  bright  daylight  or  sunlight,  the  method  of 
procedure  selected  bv  the  last  Indian  plague  commission  was  adopted 
by  Acting  Asst.  Surg,  AVilliam  B.  Wherry,  then  in  charge  of  the  Oak- 
land branch  laboratory,  as  follows: 

When  a  rat  catcher  approaches  a  trap  containing  rats  he  places 
rats,  traps,  and  all  in  a  heavy  canvas  bag,  which  is  tied  securely  and 
sent  to  the  laboratory  where  the  rats  and  their  fleas  are  chloroformed 
simultaneously  and  a  careful  search  is  made  on  the  body  of  the  rat 
and  through  the  contents  of  the  bag  for  fleas. 

The  table  following  shoAVs  the  results  obtained. 


January. .. 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


Month. 


Total 

Yearly  average  Ileus  per  rat. 


Rats 
trapped. 


38 
300 
409 
531 
604 
739 
G17 
447 
317 
321 
236 
237 


4,916 


Fleas  col- 
lected. 


93 

1,274 

1,458 

1,127 

1,201 

2, 534 

1,497 

1,232 

903 

1,213 

811 

328 


13,671 


Rats  with- 
out fleas. 


12 
65 
43 
192 
159 
183 
141 
79 
55 
42 
56 
69 


1,096 


Average 

fleas  per 

rat. 


2.44 
3.53 
3.56 
2. 12 
1.98 
3.42 
2.42 
2.75 
2.82 
3.77 
2.77 
1.38 


32.96 
2.74 


Monthly 
mean  tem- 
perature. 


51.0 
50.8 
51.9 
58.0 
58.4 
61.8 
63.8 
61.8 
62.8 
58.8 
53.3 
47.9 


Judging  from  llie  table  of  the  Ilea  census  for  the  twelve  months 
we  find  but  a  slight  variation  in  the  general  average  of  fleas  per  rat. 
Here  we  find  a  relatively  even  balance  i)reserved  in  flea  infestation 
throughout  the  year.  The  average  number  of  fleas  to  each  rat  per 
month  is  not  materially  influenced,  according  to  our  table,  by  the 
monthly  mean  tenii)era(ure. 

The  variation  in  the  individual  infestation  of  the  rats  enumerated 
in  the  monthly  census  shows  all  gradations  of  99  fleas  to  one  ral. 
89  fleas  to  2  rats,  37  fleas  to  3  ra<s,  and  1  flea  among  5  rats.  During 
the  height  of  the  plague  epizootic,  SeptemluM-,  1907,  Acting  Assistant 
Surgeon  Wherry  collected  as  many  as  342  fleas  from  a  single  rat. 
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THE    USE   OF   AMMALS    FOK    FLEA    THAPPIXG. 

Due  to  the  successful  experiments  of  the  British  Indian  commis- 
sion in  the  use  of  guinea  pigs  for  trapping  fleas  {L.  cheopis)  in 
plague-infected  houses,  it  Avas  thought  that  these  animals  would  prove 
of  service  in  collecting  fleas  in  houses  in  San  Francisco. 

Four  experiments  witli  guinea  pigs  were  conducted  by  us  in  houses 
heavily  infested  with  fleas.  In  every  instance  the  animals  were  kept 
overnight  in  the  basement  of  the  house.  Some  of  them  were  per- 
mitted to  roam  at  large,  others  were  exposed  in  v.'ire  cages  to  the 
attacks  of  the  fleas.  The  "  controls  "used  in  these  experiments  were 
"  tanglefoot ""  paper  and  the  bare  legs  of  the  investigators. 

In  the  first  experiment  179  fleas  were  removed  from  the  legs  of 
two  attendants  who  entered  the  house  long  enough  to  distribute  the 
animals.  The  "  tanglefoot  "  paper  left  overnight  in  the  region  of 
the  cages  trapped  i282  fleas.  The  G  guinea  pigs  yielded  '2  fleas, 
P.  f'rritans.  Three  other  experiments  of  a  similar  character  were 
tried  in  houses  during  the  year  1909.  A  summary  of  the  results  of 
the  four  experiments  is  shown  in  the  following  table: 


Animals  used. 


6  guinea  piRs, 
4  f;iiini>a|iii;s. 
fi  Kiilni';t  pipi 
0  guinea  jiigs. 

22  guinea  pigs. 


Fleas 

trapped 

by  animals. 


P.  irritans. 


Fleas 
caught  In 
tanglefoot. 


P.  irritaria. 
232 
428 
451 
120 


1,231 


Fleas  taken 
from  men. 


P.'iTritans. 
179 

(K) 


III  another  experiment  guinea  ]iigs  were  used  to  Imp  fleas  in  a 
house  where  dogs  were  responsible  for  the  invasion  of  the  parasites. 
The  llfii.^  taken  froiii  the  1  li  adhesive  papcr.-^  iiiiiiil»cn'il  Ll'.)'i,  of  which 
h;jr,  wcrr  /'.  In'itdiis  and  iJ.')!)  were  i'f.  ((iiiis.  V*.n\v  guinea  pigs  yichlod 
9  .spccimi'iis  of  Ct.  ciinis  and  'J  specimens  of  /*.  irritants. 

Kesiilt.s  of  iniicli  the  >aiii('  cliarMctfr  ha\(>  liccn  reported  l)y  (he  ad- 
vi.sory  (oiniiiittec  on  plague  investigations  in  India  (,b)iirnal  of  Hy- 
giene. 19()s,  \<)1.  H,  X(».  i>.  p.  'JlS).  Here  the  use  of  guinea  pigs  for 
(nt|)[)ing  cat  and  dog  (leas  did  not  prove  fruitful.  In  these  e.xperi- 
nieiilH  wjiere  man  and  guinea  pig  were  siiniiltaneoiisly  used  to  trap  the 
fleas,  it  iipp«*ars  "  that  man  is  selected  in  |)refercnce  to  the  guinea  |)ig 
by  I  lie  cat   fh'a." 

Observations  in  houses  on  /'.  iiritaiiK  cited  by  (he  same  authors 
(p.  'J  17)  proved  the  guinea  pig  a  poor  flea  (ia|>pei".     They  state: 

ThiM  \\i-n,  I'.  irrilanM,  \h  very  Hi-lect  In  llie  clinicc  uf  lis  liosl.  We  have  fiuiiKi 
It  iiIiikihI  I'XciiiMlveJy  tin  iiiiiii.  Oil  mie  or  two  dcciihIoiih  only.  Iiii.s  n  JMiiiiiiii  Ilea 
Ixfii  iiutcd  on  u  nit  ur  on  n  giiltieu  pig. 
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In  one  expepiment  two  guinea  pigs  were  used  in  a  house  which  had 
been  vacant  for  several  days;  here  the  animals  failed  to  attract  any 
of  the  fleas,  while  a  man  acted  as  an  admirable  trap.  Experiments 
with  the  rat  fleas,  L.  cheojns,  on  the  other  hand,  demonstrated  that 
the  guinea  pig  is  an  ideal  flea  trap  for  this  species.  We  may  say 
here  that  the  rat  flea,  L.  cheO'pis^  has  never  been  encountered  in  our 
experience  in  houses  in  San  Francisco. 

The  guinea  pig,  we  have  found,  makes  an  admirable  trap  for 
squirrel  fleas,  C.  acutus.  In  one  instance  a  guinea  pig  was  placed 
five  minutes  in  the  laboratory  basement,  w^hich  was  infested  with 
squirrel  fleas,  and  attracted  13  fleas.  When  this  animal  was  left  over- 
night in  the  same  quarters  it  had  trapped  138  fleas  of  the  species 
C.  acutus.  We  have  used  guinea  pigs  and  white  rats  in  parallel 
experiments  to  trap  rat  fleas,  C.  fasciatus,  and  squirrel  fleas,  C.  acutus. 
The  animals  were  kept  in  wire-cage  traps  and  exposed  idividually  to 
the  attacks  of  the  fleas  in  large  breeding  boxes.  Each  animal  was  left 
in  the  flea  box  for  ten  minutes,  removed,  and  anaesthetized.  The  fleas 
were  collected  and  returned  to  the  box.  After  a  guinea  pig  was  tested 
in  this  manner,  a  white  rat,  one-half  hour  later,  was  given  the  same 
treatment.  Five  tests  were  made  individually  with  5  guinea  pigs 
and  5  Avhite  rats.  The  two  species  of  fleas,  0.  fasciatus  and  C.  acutus, 
were  trapped  from  distinct  boxes. 

Fleas  trapitcd  by  the  animals. 

Five  guinea  pigs:  Spocimens. 

C.  fasciatus 88 

C.  acutus 38.5 

Five  white  rats : 

C.  fasciatus 220 

C.  acutus 28 

We  may  conclude  from  these  experiments  that  the  guinea  pig  is 
selected  in  preference  to  the  white  rat  by  the  squirrel  flea,  C.  acutus, 
and  the  white  rat  is  selected  in  preference  to  the  guinea  pig  by  the 
rat  flea,  C  fasciatus. 

SOME    rHASKS    OF    TIIK    OCCIIRUENCE    OV    I'lTLEX     IKKITANS. 

In  taking  the  census  of  ilic  (lt>a  population  of  (hoiisands  ol"  rats 
tlie  ()bs(>rver  is  imj)ressed  by  the  correlation  of  the  i)iv\MUMU'e  of  the 
human  flea  in  dwellings  and  on  rats.  It  api)ears  that  the  inci-ease  or 
decrease  of  Pulex  irritans  is  synchronously  parallel  in  human  and 
rodent  infestation. 

The  sanitarian  can  thus  often  keep  informed  of  the  nature  of  the 
rodent's  haunts  by  the  ])resence  or  absence  of  certain  of  these  paia- 
sites,  P.  irntaiis.  A  sewer  rat,  foi*  instance,  is  never  found  oi-dinarily 
to  harbor  human   fleas;   and   during  house-flea    infestation  the   rat 
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trapped  in  the  dwelling-  is  quite  certain  to  be  accompanied  by 
P.  irritans.  In  July,  1908,  during  a  severe  invasion  of  Pulex  irritans 
in  certain  quarters  of  San  Francisco,  the  infestation  on  rats  from  this 
district  amounted  to  61.5  per  cent  of  the  irntans.  In  the  month  of 
March  of  the  same  year  1,469  rat  fleas  Avere  examined,  of  which  only 
7  specimens  were  Pulex  irritans.  The  census  of  the  previous 
month  revealed  a  total  of  2  fleas  of  this  species  taken  in  a  collec- 
tion of  1,524  rat  fleas.  As  far  as  we  could  determine,  these  two 
months  yielded  a  very  small  number  of  human  fleas  in  dwellings  of 
San  Francisco. 

We  may  say  without  doubt  that  Piile.r  irrifans  is  preeminently  the 
flea  found  in  houses  and  upon  man  on  the  Pacific  coast. 

At  this  juncture  we  may  call  attention  to  the  difference  in  infesta- 
tion of  the  houses  of  the  eastern  United  States  and  that  of  those 
of  California.  Howard,  writing  of  house  fleas  in  Circular  No.  108, 
February,  1909,  United  States  Bureau  of  Entomology,  states : 

Judging  from  the  specimens  of  floas  sent  to  the  Bureau  of  Entomology  of 
recent  years  with  complaints  of  houses  being  infest etl  by  them,  the  human  flea 
(Pulex  irritans)  is  not  the  species  most  likely  to  occur  in  great  numbers  in 
dwelling  houses  in  this  country,  but  rather  the  common  cosmopolitan  flea  of 
the  d(tg  and  cat  {Ctcnocciihalus  canis).  This  holds  especially  for  the  eastern 
T'niteil  States. 

Wherry  (Journal  of  American  Medical  Association,  1908,  vol.  51, 
No.  0,  p.  495),  writing  on  "  Fleas  on  rodents  and  men  on  the  Pacific 
coast,"  records  the  fleas  collected  during  the  period  from  October, 
1907,  to  February,  1908.  These  parasites  were  gathered  in  the  "  worst 
infected  district"  of  a  plague   focus  from  hunum  beings,  beds,  and 

betiding.      He  citt's  llic  following  spei-ies : 

Specimi'us. 

('ridluithi/llils    .v/» '. 2 

<'li  iiixiiilniliis   niiiis        . 2 

I'lili.r   irritans  .'{.'54 

Doaiie  in  Xo(es  on  Fleas  Colleded  on  Knt  and  Tlinunu  Hosts  in 
San  Francisco  enumerates  the  species  and  iiunil)t'rs  of  llcas  collected 
from  Iniiiuiii  ho.sts  and  houses  during  l''('bi'nary  to  .lunc,  1908.  In 
l''ebi-Marv  fleas  were  taken  from  linnian  hosts  or  on  their  clothing  in 
tlu!  plague  lal)oratorv  and  hospitals  and  in  refugee  camps.  'I'iierc 
were  220  Hpecimens.  all  of  Pnh.r  irrit<nis.  Fiom  March  to  .lune  the 
total  rnimber  of  fleas  identilied  from  human  hosts  was  696  specimens; 
iVX\  of  these  were  I'lih .r  irritini-s^  while  '.\  s|)ecimens  were  C.  f(is(/(ifi/s. 

Thus  we  lind  not  a  single  specimen  <»f  (■tenoccphahis  caniit  in  a 
collection  of  !i|<'.  (lens,  <'overing  a  period  of  Ijve  months,  taken  fi'oni 
Hc<»res  of  men  and  houses. 

Another  list  of  fl<'.as  taken  in  ( "nli  foi'nia  from  man  is  i-ecoi-ded  by 
McCoy  and   Mil/.main  in   Public  Health   lu-|)oils   (  I:i0'.».  vol.  l'I,  No. 
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29,  p.  1018) .  Here  we  have  enumerated  a  collection  of  fleas  embracing 
a  period  of  one  year  from  29  individuals. 

Pulex  irritans,  337  specimens;  Ctenocephalus  felis^  1  specimen; 
C.  canis,  1  specimen,  and  CeratopJiyUus  acutus,  3  specimens. 

AVe  may  conclude  from  these  results  that  the  human  flea,  Pulex 
irritans,  is  the  normal  parasite  of  man  on  the  Pacific  coast. 

HIBERNATION   OF  PULEX   IRRITANS. 

In  which  stage  and  at  what  season  does  the  human  flea  hibernate? 

Observations  were  made  by  the  writer  during  the  winter  months 
of  190T,  1908,  and  1909  to  determine  in  what  stage  of  development 
the  human  flea,  P.  irritans,  hibernates  in  California.  During  the 
course  of  this  study  he  inspected  1-1  badly  flea-infested  dwellings, 
from  which  were  collected  the  adult  fleas,  dust  of  the  floors,  and 
soil  immediately  under  the  houses.  The  parasites  and  the  dirt  col- 
lected were  placed  in  separate  vials  in  the  laboratory,  where  they 
were  carefully  observed. 

Note  was  taken  of  the  egg  laying  and  longevity  under  artificial 
conditions.  It  was  a  matter  of  interest  to  observe  that  the  females 
which  at  warmer  seasons  lay  five  to  eight  eggs  at  a  time,  now  de- 
posited, at  the  most,  two  eggs,  and  the  majority  did  not  oviposit.  In 
all  cases  the  eggs  laid  failed  to  hatch.  Another  feature  of  interest 
in  the  winter  forms  appeared  in  the  greater  resistance  to  starvation 
and  unfavorable  conditions.  Under  these  circumstances  this  species 
does  not  ordinarily  survive  beyond  a  period  of  five  days.  The 
wintering  females  averaged  eight  days,  some  surviving  twelve  days. 

The  organic  matter,  which  was  collected  at  the  same  time  and  in 
the  same  surroundings  as  the  adult  fleas  enjoyed,  was  inspected  from 
time  to  time  for  the  development  of  flea  life.  These  samples  were 
kept  for  thirty  to  forty  days  to  provide  for  the  later  development  of 
any  cocoons  which  might  have  been  present.  In  no  instance  did  Ave 
find  the  larval  form  of  this  flea;  in  only  one  instance  did  we  find  an 
adult  flea  wliich  either  developed  from  a  cocoon  or  had  been  over- 
looked at  the  time  the  material  was  collected  from  the  dwelling. 
Several  instances  of  the  ogg  stage  were  noted.  These  did  not  hatch, 
liowever,  but  shriveled  after  a  few  days. 

We  may  add  in  this  connection  that  temperature  experiments  with 
P.  irritans  have  borne  out  the  facts  adduced  from  nature.  Gravid 
females  of  this  species  were  collected  during  the  sunnner  months 
and  placed  in  shell  vials  in  a  refrigerator  maintained  at  a  tempera- 
ture between  8°  C.  and  10.2°  C.  Under  these  conditions  eggs  were 
laid,  but  failed  to  hatdi. 

It  is  quite  ap])aront  therefore  that  the  house  flea,  Puhw  inifam, 
hibernates  most  probably  in  the  winter  in  the  adult  stage. 


As  we  have  demonstrated,  this  species,  in  comparison  to  the  rat  and 
squirrel  fleas,  does  not  resist  starvation  for  any  considerable  time, 
certainly  not  during  the  full  period  of  the  hibernating  stage,  which 
may  extend  to  two  months  or  ten  weeks.  By  this  we  mean  the  period 
when  man  is  free  from  their  attacks.  The  question  arises  upon  what 
host  does  this  insect  feed  in  the  absence  of  man,  the  normal  host. 
That  is  to  say,  what  animal,  if  any,  is  the  temporary'  host  during  the 
"  interrupted  "  hibernation  period.  The  host  which  naturally  pre- 
sents itself  is  that  nearest  to  man  and  most  accessible  to  the  para- 
sites.    The  dog  is  probabl}'  the  host  selected. 

We  have  collected  fleas  from  dogs  during  the  winter  months  in 
the  bay  cities  of  Berkeley.  Oakland,  and  San  Francisco.  In  De- 
cember, 1907,  and  January,  11)08,  when  fleas  in  houses  were  rarely 
found,  we  collected  fleas  from  10  house  dogs  in  Berkeley.  The  num- 
ber actually  collected  was  450  fleas,  although  the  animals  harbored 
probai)ly  four  times  this  number.     The  fleas  identilied  were: 

specimens. 

Ct(  nocriilialus    canis 322 

Pitlf-r   irritans 134 

Twenty-nine  per  cent  of  the  total  catch  were  human  fleas. 

The  writer  in  investigating  the  cause  for  the  immunity  of  certain 
people  to  the  biting  of  fleas  has  made  extensive  inquiries  among  his 
intimate  associates  as  to  the  data  of  attacks  by  these  parasites.  From 
January  5,  1010,  to  March  80,  1010,  reports  of  the  flea  infestation 
among  j^ersons  ordinarily  susceptible  were  verj'^  few.  During  this 
jjcriod  we  inspected  three  houses,  the  basements  of  which  wei-e 
swarming  witli  fleas.  The  history  of  the  infestation  of  the  dwellings 
was  similar  in  all  of  (lieni.  In  each  case  tlie  basement,  tiie  region  of 
greatest  infestation,  was  the  harborage  of  two  to  thri'e  vlogs  which 
were  more  or  less  confined  to  these  (juarters.  Six  of  these  dogs  were 
examined  for  fleas,  wjien  it  was  seen  that  lO-Hf)  per  cent  of  the  ])ara- 
«ites  of  each  dog  were  PuJc.r  irritanx.  The  domiciles  of  these  hosts 
were  examined  and  many  fleas  collected.  Fioni  the  worst  infested 
of  the  houses  we  collected  overnight  «in  adhesi\c  paper  I.IO'J  (leas 
which  were  identilietl  as  follows: 

Speclmt'us. 

f'Irnori  iihtiliiH    ciihIm  ,'?r»0 

I'lilir    iiriliiiis  S'M 

Here  we  find  70  j)er  cent  of  the  fleas  collected,  with  the  <log  as  an 
occasional  host,  to  Im-  the  house  flea,  I'lilr.r  iniliiiis. 

In  H  H'port  of  the  fleas  collecteil  iliiiing  the  plague  cam|)aign  in 
C'aliff.rriia  (Public  Health  lJe|)ort^.  lOO'.t.  vol.  L'l.  .\o.  'J!>,  p.  lOlO), 
TasM-d    .\sst.   Surg.  (J.    W .   McCoy  and   the   present    writer  recorded 
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the  following  parasites  taken  from  four  dogs  during  Februray  and 
March,  1909 : 


Ct.  canis. 

P.  irritans. 

Ct.  felis. 

C.  acutus. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

10 

44 

8 

17 

0 

1 

0 

1 

54 

25 

1 

1 

In  this  enumeration  30  per  cent  of  the  fleas  found  were  Pulex 
irritans. 

During  the  warmer  seasons  we  have  collected  fleas  from  dogs  in 
San  Francisco  Bay  regions  and  find  a  great  preponderance  of  Ct. 
canis.  Doane  reports  in  Canadian  Entomologist  (August,  1908,  p. 
303),  the  identification  of  fleas  from  a  Dachshund  pup.  These  para- 
sites were  sent  to  him  by  former  Acting  Assistant  Surgeon  Wherry 
in  the  latter  part  of  April,  1909.  There  were  477  specimens  taken 
from  the  dog;  without  one  exception  the  fleas  were  of  the  species 
Ctenoceyhalus  canis. 

With  this  somewhat  meager  data,  we  can  not  establish  with  fault- 
less accuracy  that  the  human  flea  is  tided  over  the  hibernation  stage 
to  a  limited  extent  on  the  body  of  the  dog,  but  we  wish  to  suggest  this 
as  a  plausible  solution. 

We  have  not  had  an  opportunity  to  give  the  attention  to  the 
domestic  cat  in  the  same  measure  as  the  dog  has  been  investigated, 
but  we  doubt  not  that  the  feline  having  similar  environments  would 
be  influenced  in  this  matter  of  parasitism  to  perhaps  the  same  degree. 
We  may  state,  however,  in  this  connection,  that  an  examination  of  a 
dozen  cats  during  a  period  of  two  years  revealed  the  presence  of  few 
human  fleas. 


THE    CAUSE   rOU   THE   UNEXPECTED    APPEARANCE   OF   HOUSE   FLEAS. 

It  was  long  held  in  the  popular  mind  tlial  in  some  (juarters  fleas 
were  generated  spontaneously.  AVe  may  say  that  this  impression  fi'om 
the  layman's  view  point  seems  justified  when  it  is  known  that  the 
reason  for  the  sudden  appearance  of  fleas  in  houses  is  often  obscure. 

In  Circular  No.  13,  United  States  Bui-eau  of  Entomology.  Howard 
states  that  a  housekeeper  shutting  up  her  house  in  .Tune  need  not  be 
surprised  to  find  the  establishment  overrun  with  (leas  when  she  opens 
it  up  again  in  September  or  October. 

In  Bai'asitology  1,  page  10,  March,  190S,  a|)pe;»rs  a  stateuuMit  that 
observers  have  recorded  that  the  flea  propagates  in  deseited  dwellings. 
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the  adult  insect  not  requiring  food,  at  least  for  some  time,  to  enable 
it  to  reproduce  its  species.  An  observation  of  a  similar  character  is 
recorded  by  Euting,  189G,  Reise  in  Inner-Arabien,  page  11. 

In  common  with  these  investigators  we  can  cite  a  number  of  defi- 
nite instances  of  this  apparent  spontaneity  in  house-flea  infestation. 
However,  this  phenomenon  is  too  well  established  for  further  need- 
less substantiation. 

AA'e  have,  however,  gathered  experimental  evidence  as  a  control  to 
our  general  observations.  On  numerous  occasions  we  have  accom- 
panied the  sanitary  inspector  on  his  rounds  of  many  filth-infested 
refugee  cottages,  whence  dust  and  debris  were  removed  from  cracks 
in  the  floors.  This  material  was  taken  to  the  laboratory,  placed  in 
convenient  flasks,  and  left  undisturbed  in  a  dark  corner. 

When  first  examined,  no  life  was  in  evidence,  some  inert  shells  (if 
the  adult  flea  and  moulted  larval  skins  were  observed.  In  one  in- 
stance, when  the  flask  was  inspected,  five  weeks  later,  two  live  fleas 
appeared  followed  in  ten  days  b}"  fifteen  additional  active  inuigoes. 

At  other  times  the  floor  dust  when  gathered  from  a  dwelling  was 
supplied  with  many  larvw  in  various  stages  of  development.  These 
transformed  into  adult  fleas  when  kept  in  the  laboratory  for  a  period 
of  four  to  six  weeks. 

No  doubt  if  the  houses  from  which  flea  material  were  collected 
should  be  vacated  and  left  undisturbed  for  certain  periods,  the  swarm 
of  fleas  produced  would  indeed  give  the  unfortunate  housekeeper  an 
impression  of  spontaneous  generation. 
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MOSQUITOES  IN  RELATION  TO  THE  TRANSMISSION  OF 

LEPROSY. 


By  Donald  H.  Currie, 
Passed  Assistant  Surgeon  and  Director,  Leprosy  Investigation  Station. 


PART  I.— INTRODUCTION. 

In  the  nodular  form  of  leprosy  when  fully  developed  we  have  a 
disease  characterized  by  the  appearance,  in  successive  crops,  of  lesions 
of  the  skin  varying  in  size  from  that  of  medium-sized  papules  to  large 
nodules,  and,  by  the  coalescing  of  such  lesions,  massive  and  diffuse 
areas  of  infiltration. 

These  lesions  are  most  apt  to  be  located  on  the  exposed  surfaces, 
and  especially  on  the  face. 

When  an  investigator  punctures  such  a  lesion  and  exerts  pressure 
on  the  surrounding  tissue,  the  mixture  of  blood  and  lymph  thus 
obtained  is  usually,  practically  always,  rich  in  lepra  bacilli. 

In  the  mosquito  we  have  an  insect  that  has  a  wide  range  of  dis- 
tribution and  is  often  abundant.  This  insect  feeds  by  puncturing 
the  skin  wherever  uncovered,  but  more  often  on  the  face,  and  fills 
itself  with  blood.  It  later  bites  another  person,  who  often  mashes 
the  blood-filled  insect  and  thus  smears  the  blood  contained  in  the 
insect  upon  liis  own  skin;  this  act  is  followed  by  rubbing  and  scratch- 
ing the  site  of  the  puncture. 

Thus  we  see  that  the  mechanism  is  com])lete  for  the  occasional 
transfer  of  a  leper's  hlood  to  the  skin  of  a  healthy  person,  and  by 
scratching  and  its  accompanying  trauma  such  blood  is  sometimes 
rubbed  into  hair  follicles  or  even  into  the  lymphatics.  Whether  the 
blood  that  the  insect  has  imbibed  from  a  leper  contains  the  bacilli, 
and  whether  such  bacilli  if  imbibed  remain  in  the  insect  a  reasonable 
length  of  time,  are  questions  the  answer  to  wliich  determine  whether 
the  mechanism  for  the  transfer  of  the  bacillus  of  leprosy  from  alllicted 
to  healthy  persons  is  or  is  not  complete. 

To  determine  tliis  is  the  object  of  this  investigation.  It  must  be 
borne  in  mind,  however,  that  even  if  it  can  be  shown  that  the  bacilli 
are  thus  transferred  there  still  remains  a  doubt  as  to  whether  this 
constitutes  a  means  of  infection.  Wc  shall  not  d(^al  with  that  point; 
in  our  present  state  of  knowledge  only  human  inoculations  could 
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determine  it.  A  hasty  review  of  the  literature  upon  that  phase  of 
the  subject  of  transmission  shows  some  forty-odd  cases  of  alleged 
human  inoculations,  mostly  on  or  under  the  skin,  ^^dth  but  a  single, 
doubtful,  case  of  infection  following  (Arning's  case),  the  other 
inoculated  persons  not  developmg  the  disease. 

The  only  phase  of  the  subject  we  are  dealing  \yith.  here  is,  Do  mos- 
quitoes contain  lepra  bacilli  when  allowed  to  feed,  under  natural 
conditions,  upon  the  skin  of  lepers  presenting  many  lepra  nodules? 
If  they  do  contain  the  bacilh,  then  the  mechanism  for  the  transfer  of 
the  bacilli  is  complete,  and  the  insect  may  be  a  factor  in  the  trans- 
mission of  the  disease.  If  it  does  not  contain  them,  then  this  insect 
can  be  excluded  as  a  factor  in  the  transmission  of  this  disease. 

In  considering  this  subject  we  are  aware  of  the  fact  that  no  amount 
of  negative  evidence  absolutely  answers  the  question,  "May  it  not 
sometimes  occur?"  but  from  the  incidence  of  the  disease  at  certain 
times,  and  in  certain  places,  we  know^that  some  well-defined  and  fre- 
quently acting  meclianism  or  mechanisms  exist  for  its  transfer, 
and  we  seek  to  discover  if  this  insect  is  one  of  these.  The  eradi- 
cation of  infectious  diseases  must  rest  upon  the  discovery  of  the 
visual  means  of  transmission,  and  rare  or  accidental  means  are  of  no 
practical  importance. 

From  the  above  it  would  appear,  upon  theoretical  grounds,  that 
the  transfer  of  the  bacilli  is  probable;  a  disease  characterized  by 
bacilli-fdled  lesions  on  exposed  surfaces,  together  with  the  well- 
known  habits  of  this  insect  of  imbibing  blood  from  the  skin  of  such 
exposed  surfaces,  would  easily  explain  the  fact  that  this  insect  fell 
under  susj>icion  as  a  means  of  transmission.  But  it  must  be  remem- 
bered, also,  that  although  the  investigator  finds  bacilli  in  the  blood 
obtiiincd  from  puncturing  Ja  lepra  nodule,  this  insect  employs  a 
similar  but  not  identical  method ^of  blood  abstraction.1 

■      ■  REVIEW    OF   THE    LITERATURE.  I 

Leloir,"  1886,  thought  mosquitoes  possibloTagents  in  the  transmis- 
sion of  loprosy. 

AshiiKMtd,''  1800,  believes  lepra  would  bo  found  (o  liavo  an  inter- 
mcdiatfrugcnt,  either'a  fi.sh  or 'an  insect. 

Aming/J18()(),  states 'that  he  lias  examined  "hujidn>ds"  of  mos- 
quitooH  caugiit  in  the  l)ara  over  lej)ers,  but  ]\c  lias  never  found  the 
lepra  liaciilus  in  tlto  insects. 

a  TrHiU?  pmli<jiio  «t  th<!>oriquo  de]||la  Iftpro,  quoted  by  Marrhnux  nnd  Hoiirret  in 
I><'Iira,  vol.  H,  p.  120. 

*  I/Hpra  In  Japan.  ImI  oin  ZwiM«lipnwirt  ]u>i  <\vr  Vcrltrcitun^'  ln-tcili^t?  Journ.  of 
Cut.  and  Clon.-I'rin,  I)iiM!««o«.  UffrTn-d  to  in  Uiiiini>,nirl('n'H  JiilircHlHMiclit,  vol,  fl, 
p.  2r,r,. 

'  Lf]>Ta  uiit  hr'^jndcTCT  JJcrtifkHirlili^nnfl;  dor  UiibortniffiinR  diinli  iliTcdilill  odor 
Cont«({ton.     Hoforred  to  in  IlanrnKartcn'H  JaliroHboriclit,  vol.  (i,  p.  217. 


The  same  author  the  following  year  «  mentions  that  lepra  and  mos- 
quitoes entered  the  Hawaiian  Islands  at  nearly  the  same  time. 

Of  this  latter  statement  we  desire  to  further  refer  to  Ashburton 
Thompson's  article  "Leprosy  in  Hawaii"  (1898),  in  which  he  shows 
that  the  claim  that  leprosy  entered  these  islands  at  the  time  referred 
to  rests  on  very  uncertain  data,  and  may  or  may  not  be  true. 

Joly,^  1898,  states  that  Sabrazes  believed  that  leprosy  might  be 
conveyed  by  numerous  small  inoculation  from  insects. 

Sommer,<=  1898,  expressed  the  belief  that  mosquitoes  act  as  active 
agents  in  the  spread  of  leprosy  in  warm  countries.  In  referring  to 
this  Nuttall  coiiiments,  "this  is  very  unUkely." 

Hutchinson,*^  1899,  gives  six  reasons  against  the  probability  of 
leprosy  being  spread  by  mosquitoes. 

Scott,«  1900,  believes  that  mosquitoes  acted  as  transmitters  of 
leprosy  in  the  Hawaiian  Islands. 

Chantemesse,-^'  1901,  favors  the  mosquito  hypothesis  as  explaining 
the  spread  of  leprosy. 

Joly,fi'  1901,  does  not  regard  mosquitoes  as  transmitters,  as  Euro- 
peans are  often  bitten  and  rarely  develop  the  disease. 

Hallopeau,'^  1901,  favors  the  mosquito  hypothesis  as  explaining  the 
transmission  of  leprosy. 

Blanchard,*  1901,  states  that  leprous  countries  are  also  mosquito 
countries. 

Tonkin,^'  1902,  believes  that  mosquitoes,  by  causing  scratching, 
favor  infection  with  leprosy  in  the  Sudan  where  lepers  sell  soiled 
clothing. 

o  Archiv  fiir  Dermatol,  und  Syph.,  No.  1,  and  referred  to  in  Lepra,  vol.  8,  p.  120. 

b  Importance  du  role  des  insectes  dans  la  transmission  des  maladies  infectieuses  et 
parasitaires.  Du  formol  comme  insecticide.  Referred  to  by  Xuttal  in  Johns  Hopkins 
Hospital  Reports,  vol.  8,  p.  33. 

c  Leprosy  in  the  Argentine  Republic.  Sem.  Med.  of  June  23,  1898,  and  referred  to 
by  the  Journal  of  American  Medical  Association,  September  10,  1898;  by  Nuttall  in 
Johns  Hopkins  Hospital  Reports,  vol.  8,  p.  34;  by  ^rarchoux  and  Bourret  in  Lepra, 
vol.  8,  p.  121. 

d  Is  leprosy  spread  by  mosquitoes,  etc.?  Archives  of  Surgery,  vol.  10,  Xo.  37,  p. 
59.     Referred  to  in  Baumgarten's  Jahrosbericht,  vol.  15,  p.  391. 

«  Contagiousness  of  leprosy.  British  Medical  Journal,  September  29,  1900. 
Reviewed  in  Lepra,  vol.  8,  p.  177,  and  referred  to  by  Marchoux  and  Bourret  in  the 
latter  publication,  vol.  8,  p.  120. 

/  Bull,  de  I'Acad.  de  M^d.,  July,  1901.  Referred  to  by  Marchoux  and  Bourret  in 
Lepra,  vol.  8,  p.  120. 

gLkpre  k  Madaga.^car.  Arch,  de  M^d.,  Nov.,  1901.  Referred  to  l»y  Lejini, 
vol.  3,  p.  57. 

A  Legona  cliniques  de  I'hdpital.  Bull,  de  I'Acad.,  July,  1901.  Referred  to  by 
Marchoux  and  Bourret  in  Lepra,  vol.  8,  p.  120. 

i  Bull,  de  I'Acad.  de  .M^d.,  July  30,  1901,  and  .\rchive  do  parasitologic,  1901. 
Referred  to  by  Marchoux  and  Bourret  in  Lepra,  vol.  S,  p.  120. 

i  Some  general  and  etiological  details  concerning  lejmisy  in  (he  Sudan.  Royal 
Med.  and  Chir.  Soc.  of  London.  Referred  to  in  Lepra,  vol.  3.  and  Baiinigarten'a 
Jahresbericht,  No.  18. 


Xoc,''  1902,  does  not  believe  in  direct  contagion,  but  considers  the 
bite  of  the  mosquito  a  possible  means  of  spread. 

The  same  autlior,*  1904,  believes  mosquitoes  helped  to  spread 
leprosy  in  the  Loyalty  Islands.  On  one  of  these  islands  there  were 
few  mosquitoes  and  the  disease  spread  very  little. 

Jeanselme,*^  1906,  states  that  the  spread  of  leprosy  in  New  Cale- 
donia is  probably  increased  by  mosquitoes. 

Goodhue,*^  1906,  claims  that  after  many  failures  he  and  Father 
Josepli  discovered  lepra  bacilli  in  a  female  culex. 

Black, ^  1906,  states  that  it  has  not  yet  been  determined  whether 
insects  played  any  part  in  the  spread  of  leprosy  in  Cape  Colony. 

Smit/  1906,  rejects  the  idea  that  insects  are  factors  in  the  spread 
of  leprosy. 

Miser ,^  1906,  refers  to  Joly's  and  Sabrazes's  opinions  in  the  matter. 
O  ide  supra.) 

Hallopeau,''  1906,  states  he  believes  that  mosquitoes  are  factors  in 
the  spread  of  leprosy. 

BrinckerhofF,*  1908,  states  "the  fact  that  the  female  culex  defecates 
at  the  time  of  biting  makes  it  possible  that  the  insect  ma}^  act  as 
carrier  of  leper  bacilli  from  lepers  to  well  persons.  The  data  now 
available  does  not  permit  of  a  positive  statement  that  the  mosquito 
functions  in  the  transmission  of  leprosy,  and  the  j)robabilities  are 
against  such  a  conclusion."  He  established  the  fact  that  the  mosquito 
defecates  at  the  time  of  biting,  and  in  the  same  paper  reports  having 
seen  acid-fast  bacilli  in  a  preparation  stated  to  have  been  mailo  from 
a  mosquito  tliat  had  fed  on  a  leper. 

a  Fonrtionnement  du  laboratoire  de  bact^riologie  de  Noumea  (N.-Cal^donie). 
Annalop  d'hyRifene  et  de  m6d.  colon.  Referred  to  in  Baunifrarten's  Jahresbericht. 
vol.  ]'.),  ],.  :{'..');  alw  Lepra,  vol.  1,  p.  208. 

f>  I.a  l^[)re  mix  lies  Loyalty.  Annales  d'hygi^ne  et  de  nied.  colon.,  vol.  7,  No.  1, 
p.  r>;  alfff  referrerl  to  in  Lepra,  vol.  4,  p.  ISfj,  and  in  Baunip;arten'.s  Jahrenl)eri(ht, 
vol.  20.  J).  .'/)7. 

<■  Iti  a  report  of  llailopean  anij  de  Lej)inay,  entitled,  "  .\'ouv<>lie  poUH86ede  nodules 
/•rj-tli^'-niatenx  rhez  line  If'-preuw."  Soe.  fran^.  de  dermatol.  et  fie  syphil.,  vol.  17, 
p.  37X,  and  referred  to  in  Haunipirten'B  JahrcHhericht,  vol.  22,  p.  327. 

rf  H<mton  Med.  and  Siirp.  Jonrn.,  190();  Ameriean  Medieine.  Oct.,  1907;  Journal  of 
Trop.  MwL,  September  lo,  llKJii;  Indian  Medical  (iazette,  190«i;  Lancet,  May  12, 
IWMi;  l,epra,  H>07,  j).  (14.  AIho  comnn-nled  on  l)y  Klilern  in  ]90!»  in  Report  of  Daniwh- 
Fr»'n<  b  Coniniit^ion,  prenenfed  at  |{«'rKen. 

'  Kr-truirkn  on  leprrmy  in  Cape  (Vilduy.     Ccninillil.  f.  I'alliol.  u.  piitlml.  Anat.,  Hd. 

17,  ()  nc. 

/  Lcpr««y  in  Argentine.     An  li.  f.  I»<iiiiat<il,  iind  Sypli  .  vol.  !(1.  p.  HH!». 

0  I'r'ipbylaxie  dcM  nialadicH  fxiitifpien.      HaiiniKartenV  .laiirenbericlil,  vol.  22,  j).  .343. 

*  Mri>iiarde|-(;ilbert :  Maladien  exotifpien,  p.  2S().  Hefcrrcfj  in  Haunipirlen'H  Jalirea- 
b«ri<bl,  vol.  22,  p.  337. 

'  A  not«'  UfM>n  the  jKiwibility  of  lli<>  niiiH(|uilii  arlin^;  in  llie  InuiHrniKHion  of  lejintHy. 
Kiill.  of  thu  Ix'prony  Jnvet<li^'ation  Station,  Kalawao,  Molokai,  l*.  S.  P.  U.  &  M.  U. 
Servi'o. 


Matias  Duque,*^  1909,  states  that  Doctor  Agramonte  had  shown 
him  a  preparation  made  from  a  mosquito  which  showed  lepra  bacilli, 
and  that  he  had  observed  them  in  others  since,  but  he  does  not  believe 
these  insects  play  any  part  in  its  spread. 

MacLeod,^  1909,  states  "so  far  the  microbe  has  not  been  found  in 
the  mosquito." 

Ehlers  "  states  that  they  (the  Danish-French  commission)  obtained 
negative  results  in  their  search  for  lepra  bacilli  in  these  insects  even 
when  the  latter  were  allowed  to  feed  upon  leprous  nodules.  The 
explanation  of  this  fact  is  not  clear,  but  he  believes  that  it  may  be 
due  to  the  mosquito  puncturing  a  small  vessel  and  obtaining  lymph- 
free  blood,  while  the  investigator  when  he  punctures  a  nodule  obtains 
a  mixture  of  blood  and  lymph. 

Bourret,*^  1909,  states  that: 

First,  he  captured  from  lepers'  homes  three  Stegomyia  fasciata 
(callopus);  examined  one  after  one  hour,  one  after  two  hours,  and 
one  after  three  hours,  but  in  none  did  he  note  the  lepra  bacillus. 

Second,  he  allowed  two  Culex,  two  Anopheles,  and  two  Stegomyia 
to  bite  over  a  leprous  nodule  and  examined  the  insects,  some  after 
fifteen  minutes  and  the  rest  after  an  hour  with  negative  results. 

Third,  he  repeated  this  experiment  on  a  case  of  nerve  leprosy  with 
negative  results. 

SUMMARY    OF   THE    LITERATURE. 

Aside  from  those  authors  who  hold  views  on  this  subject  apparently 
based  on  theoretical  grounds,  we  also  have  the  following: 

Those  who  searched  in  vain  for  the  bacillus  of  leprosy  in  the 
mosquito  arc — 

Arning,  who  has  examined  "hundreds"  of  these  insects  caught 
under  the  bars  of  lepers. 

Ehlers  (Danish-French  commission),  that  actually  placed  the  cap- 
tive mosquitoes  over  nodules  and  allowed  them  to  feed. 

Bourret,  who  examined  three  mosquitoes  from  lepers'  houses  and 
six  mosquitoes  that  had  fed  on  leprous  nodules. 

Of  those  that  have  seen  acid-fast  bacilli  in  mosquitoes  that  were 
believed  to  have  fed  upon  lepers  we  have — 

Gooflhue,  Brinckorhoff,  and  Matias  Duque.  The  two  former  in  a 
single  insect;  the  latter's  statement  does  not  contain  information  as 
to  the  number  of  insects  he  has  observed  containing  the  bacilli. 

PRELIMINARY    REMARKS. 

The  following  data  have  been  obtained  by  work  jiorformed  at  the 
laboratory  for  the  investigation  of  incipient  cases  of  leprosy  at  Hono- 


o  Sanidad  y  Beneficencia.    Habana,  June,  1909,  p.  384. 

6  Lancet,  AugUHt  21,  1900,  and  read  at  Bei^en,  August  IG,  1909. 

c  Transmisaibilitd  de  la  l^pie  par  lo8  insertos  nuceurs  de  rang,  read  at  Bergen. 

d  QuelqucH  recherchea  siir  la  l^pro.     L6j)ra,  vol.  8,  p.  128. 


8 

lulu,  being  a  branch  of  the  United  States  leprosy  investigation  station 
at  Kalawao,  Molokai. 

The  portion  of  Honolulu  where  this  branch  laboratorj-  is  situated 
is  infested  with  the  Culex  cuhensis  throughout  the  3"ear,  but  in  our 
experience  in  the  autumn  and  winter  the  Stegamyia  callopus  are  rare 
in  this  exact  localit}",  while  the  Stegomyia  scutellaris  has  not  been 
observed  there  by  me. 

These  three  varieties  are  the  only  mosquitoes  known  to  exist  on 
these  islands.  The  above  facts  account  for  all  the  mosquitoes 
examined  being  of  one  species.  During  these  experiments  we  suc- 
ceeded in  securing  only  three  indivickial  specimens  of  Stegomyia  cal- 
lopus; these  we  had  intended  to  utilize  by  having  them  bite  lepers' 
nodules,  but  administrative  duties  made  it  necessary  for  us  to  go  to 
Molokai,  and  for  this  reason  the  three  were  used  for  another  purpose, 
to  be  described  later. 

Arriving  at  Molokai  station,  we  discovered  that  owing  to  the  cooler 
temperature  and  high  winds  of  this  time  of  the  year  no  mosquitoes 
were  procurable,  so  decided  to  publish  the  data  already  obtained 
and  later  to  report  upon  the  contemplated  work  of  having  caged 
mosquitoes  bite  a  large  number  of  leprous  nodules. 

The  necessity  of  obtaining  the  Stegomyia  in  this  latter  work  is  due 
to  the  fact  (observed  here  by  Brinckerhoff)  that  this  Culex  will  not 
bite  when  confmed  to  a  small  space,  and  in  order  to  force  the  insect 
to  feed  upon  a  nodule  confinement  to  a  large  test-tube  or  wide- 
mouth  bottle  is  necessary. 

PRELIMINARY    Wt)HK. 

Our  iirst  object  was  to  ascertain  whether  mosquitoes,  when  cap- 
tured in  a  locality  in  which  there  was  no  possibility  of  their  having  fed 
upon  lepers,  contained  acid-fast  bacilli  of  any  kind  in  their  intestinal 
trat'ts;  also  whether  they  showed  anatomical  structures  wliich  might 
from  shape  and  staining  reaction  be  mistaken  for  acid-fast  bacilli. 

With  this  object  in  view  we  obtained  21  si)ccimens  of  Culex  cubensis 
from  a  noninfected  di.strict,  some  of  these  having  fed  upon  the  healthy 
occupants  of  the  house  in  which  they  were  captured. 

The  abdomen  wan  cut  from  the  thorax  and  opened  anti  the  intes- 
tines and  their  contents  crushed  and  smi>aied  upon  a  glass  slide. 
This  preparation  was  then  air-dried,  stained  from  three  to  five  miinites 
in  Ziehl-.Nielson  curbo-fuchsin,  washed  in  water,  treated  with  I  per 
cent  nitric  acid  in  70  per  cent  alcohol  lor  ten  seconds,  waslu'd  again 
in  wat«'r.  <lried,  and  examineil  with  t  he  I  :  I  J  oil  inunersion  lens  (Zeiss). 

This  method  of  examination  was  employed  in  all  of  the  insects 
mentioned  in  this  publication  and  so  will  mit   he  referred  to  again. 

TIh'  examimifion  of  the  I'l  iu'^ects  meiitiotieil  showed  ik)  acid-fast 
bacilli  or  bacteria  of  anv  kind. 


Numerous  fibrils,  varpng  in  shape,  size,  and  appearance  (broken 
bits  of  the  scales  that  cover  parts  of  the  insect)  were  noted  as  hold- 
ing their  stain  against  acid  alcohol.  Tliese  structures  for  the  most 
part  could  be  differentiated  at  a  glance  upon  size  and  shape  alone, 
but  occasionally  it  was  observed  that  small  broken  fragments  required 
careful  observation  before  passing  them  by;  however,  we  saw  no 
structure  which  a  reasonably  experienced  person  should  mistake 
for  an  acid-fast  bacOlus. 

Hoping  to  secure  a  method  that  would  deprive  these  structures  of 
their  acid  fastness  without  robbing  the  lepra  bacillus  of  its  color, 
and  thus  rule  out  even  this  very  slight  source  of  error,  we  took  smears 
of  human  and  rat  lepra  bacilli  and  smeared  mosquitoes  over  them 
(these  insects  not  being  included  in  the  21  mentioned),  after  which 
these  slides  were  dried,  fixed,  and  stained. 

These  were  treated  with  many  stains  and  mordants,  with  the  results 
that  while  an  occasional  slide  was  secured  in  which  the  bacillus  was 
brilliantly  red  while  the  structures  mentioned  had  as  different  a 
color  as  blue  black,  the  rule  was  failure,  these  structures  being 
nearly  as  acid-fast  as  the  bacilli  themselves.  The  most  practical 
point  learned  was  to  avoid  staining  the  slide  longer  than  absolutely 
required  (three  minutes),  as  the  bacilli  acquired  the  stain  somewhat 
quicker  than  the  scales  did. 

"V\liile  not  "preliminary  work"  in  one  sense,  as  it  was  the  last  work 
performed,  the  experiment  about  to  be  described  properly  belongs 
under  this  designation. 

We  sought  for  an  explanation  of  the  statements  of  Ehlers  and 
Bourret  that  mosc[uitoes  drawing  blood  from  a  bacilli-filled  nodule 
did  not  contain  the  bacilli  in  their  blood-filled  intestines.  If  this 
observation  were  correct,  then  there  seemed  to  be  but  two  possible 
explanations : 

First.  That  the  bacilli  were  not  contained  in  the  fluid  that  the 
mosquito  drew,  even  though  the  investigators,  in  attempting  to 
imitate  the  mosquito,  drew  the  fluid  from  the  same  nodule. 

Second.  That  the  bacilli  are  rapidly  destroyed  in  the  intestinal 
tract  of  the  mosquito. 

Any  filtration  process  could  be  excluded,  both  from  the  anatomy 
of  the  mosquito  and  from  the  fact  that  ])lood  corpuscles  passed  into 
the  insects'  intestinal  tracts  without  dilhculty. 

While  to  us  the  second  supposition  seemed  quite  improbable,  it 
was  considered  advisable,  if  only  to  exclude  it,  to  make  the  following 
test: 

The  three  Stegomyia  referred  to  were  placed  in  separate  cages  and 
given  a  fluid  composed  of  rabbit  serum,  sugar,  and  water,  and  con- 
taining in  suspension  a  grass  bacillus,  which  in  size  and  acid  fastness 
closely  resembled   the   bacillus  of    leprosy.     Of  these   insects   two 
52478— Bull.  39—10 2 
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refused  to  feed,  the  third  lit  near  the  margin  of  the  fluid  and  twice 
dipped  the  end  of  its  proboscis  into  it,  exhibiting  the  corlvscrew 
motions  of  its  abdomen  that  indicated  that  the  insect  was  feeding. 

One  hour  after  this  act  the  insect  was  killed  with  chloroform  and 
removed  from  its  cage,  its  body  was  washed  and  the  abdomen  sepa- 
rated from  its  thorax  and  its  abdominal  contents  smeared  upon  a 
slide  and  stained  by  the  method  above  described.  Examination 
showed  a  considerable  number  of  t^^pical  acixl-fast  bacilli  in  its  intes- 
tinal contents,  45  being  counted  in  seven  fields;  no  other  bacteria 
were  demonstrated  by  the  methylene  blue  counter  stain.  The 
experiment  is  to  be  repeated  with  lepra  bacilli,  and  will  appear  in  a 
future  publication. 

Search  for  the  Bacillus  of  Leprosy  ix  Blood-Filled  Mosquitoes  that  Probably 

Had  Fed  upon  Lepers. 

We  secured  34  blood-filled  specimens  of  Culet  cuhensis  caught  on 
a  screen  door  at  the  entrance  to  the  Kalihi  receiving  station  for 
lepers.  In  this  compound  there  were  about  20  lepers,  showing  nerve, 
tubercular,  and  mixed  forms  of  the  disease.  Several  healthy  persons 
also  resided  in  this  compound.  The  screen  door  mentioned  was  a 
few  yards  from  the  patients'  sleeping  rooms,  which  were  not  pro- 
tected by  screening.  These  insects  had  probably  fed  upon  some  of 
these  lepers,  but  on  which  cases,  and  therefore  which  type  of  the 
disease,  was  not  ascertainable.  The  examination  was  made  only 
because  the  insects  were  at  hand  and  a  possibility  of  securing  positive 
results  existed. 

Tlie  results,  however,  were  entirely  negative,  and  therefore,  owing 
to  the  uncertainty  of  the  source  of  the  blood,  they  are  of  only  slight 
value. 

Search  for  Uncillus  leprx  in  Blood-Filled  Cidex  cuhensis  That  Had  Fed  upon 

Lepers. 

Tiie.sc  insects  were  captured  early  each  morning  from  the  rooms 
of  lepers;  .some  of  these  rooms  were  occupied  by  one  and  some  l)y  two 
lepers;  the  condition  of  the  occupant  or  occupants  of  each  room  is 
described  below,  'i'hf  letters  given  the  rooms  are  our  own,  and  are 
for  purpoHf'H  of  designation  and  convenience. 

The  probubihty  of  any  of  these  insects  having  fed  ui)on  nonleprous 
persons  Is  too  BJight  to  be  considered.  'I'he  probabiHty  of  any  appre- 
ciable pereentage  of  them  having  fed  uj)on  le])ers,  not  occupants  of 
the  n»om  and  therefonr  not  those  (ies(rii)e<l,  is  very  small. 

RooMH  ANt>  Wmv.v  IMhcuiition  ok  tiik  Caheh  OerupYiNO  Each. 

Room  A:  ()ceuj)ie(|  by  two  lepers,  one  )i  |)iir(ly  nerve  ca.se,  the  other 
showing  gj-neral  leprous  infiltration  over  a  large  porlion  of   the  face. 
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Room  B:  Occupied  by  one  leper.  Large  nodules  about  ears  and 
a  few  small  ones  on  face. 

Room  C:  Occupied  by  one  leper,  showing  numerous  small  papules 
and  nodules  scattered  over  face. 

Room  D:  Occupied  by  one  leper,  showing  diffuse  infiltration  of 
lobule  of  one  ear  and  numerous  small  nodules  scattered  over  the  face. 

Room  E :  Occupied  by  two  lepers,  both  advanced  cases,  showing 
nodules  and  infiltration  over  a  large  part  of  their  faces. 

Room  F:  Occupied  by  two  lepers,  one  showing  small  nodules 
scattered  over  face  and  some  diffuse  infiltration,  the  other  case  show- 
ing extensive  leprous  infiltration  and  nodules  scattered  over  a  large 
part  of  the  face. 

Room  G:  Occupied  by  one  case,  showing  diffuse  infiltration  about 
malar  regions  and  lobules  of  the  ears. 

Room  H:  Occupied  by  one  case,  showing  infiltration  of  lobules  of 
both  ears,  no  other  lesions  on  face. 

Room  I:  Occupied  by  one  case,  showing  nodules  scattered  over 
face,  with  inner  one-third  of  face  showing  general  infiltration. 

The  following  table  is  self-explanatory;  all  the  preparations  and 
examinations  were  made  by  the  method  previously  described.  All 
the  insects  referred  to  in  this  table  were  blood-filled  female  specimens 
oi^Culex  cubensis.  The  smear  was  made  from  thirty  minutes  to^^three 
hours  after  the  capture  of  the  insect. 


Designation  of  room. 

Number 
of  cases. 

Type  of  cases. 

Number  of 
mosquitoes 
procured 
from  this 
room  and 
examined. 

Result  of  the  examination  of  these 
insects. 

. , 

<      1 

1 

1 
2 
2 

1 

1 
1 

1            108 

68 
71 
100 
17 
95 
2 
14 
18 

No  a«id-fast  bacilli  found. 

A 

B 

do 

Do. 

c 

do 

Do. 

D 

do 

Do. 

E 

do 

Do. 

F                             

do 

Do. 

o 

do 

Do. 

H 

do 

Do. 

I                                -  .. 

do 

Do. 

Tubercular  cases  exposed  to  mosquitoes. 

Blood-flUed  mosquitoes  examined 

Acid-fast  bacilli  found 
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493 
0 


DISCUSSION. 

The  failure  to  fmd  bacilli  in  the  insects  may  be  supposed  to  be  due 
to  one  or  more  of  the  following  causes: 

First.  The  cases  were  not  suitable  ones  for  the  test. 

Second.  By  chance  the  insect  failed  to  bite  over  a  nodule. 

Third.  The  insect  when  at  liberty  purposely  avoids  nodules  and 
chooses  the  areas  of  healthy  skin. 
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Fourth.  For  some  reason  (as  previously  mentioned  by  Fillers  and 
Bourret)  the  mosquito  does  not  take  in  bacilli  when  it  feeds  from  the 
blood  of  leprous  nodules. 

Fifth.  That  the  bacilli  are  soon  destroyed  in  a  mosquito's  stomach. 

As  to  the  first  of  these  reasons,  the  cases  were  all  of  the  nodular 
type  except  one,  and  were  average  cases  of  the  middle  period  of  the 
disease;  i.  e.,  most  of  them  would  neither  be  called  "very  early"  nor 
"advanced"  cases. 

As  to  the  second  point  it  is  believed  that  the  number  of  the  insects 
examined  excludes,  on  the  face  of  it,  such  a  supposition. 

As  to  the  third  it  appears  quite  improbable,  as  we  know  nothing 
analogous  to  it  in  the  mosquito's  feeding  habits;  this  point  is  to  be 
investigated  in  our  future  work. 

As  to  the  fourth  supposition,  this  appears  to  most  easily  explain 
our  results,  and  is  borne  out  by  the  observations  of  two  previous 
investigators;  this  is  also  to  be  investigated. 

As  to  the  fifth,  the  single  experiment  was  so  strikingly  positive  that 
this  supposition  is  considered  most  improbable,  but  will  be  repeated 
with  lepra  bacilli. 

To  return  to  the  first  supposition,  this  raises  a  somewhat  different 
question,  which,  so  far  as  wo  know,  no  one  has  attempted  to  inves- 
tigate, and  in  fact  its  investigation  would  be  next  to  impossible; 
that  is,  whether  a  mosquito  feeding  upon  a  leper  at  the  time  of  the 
existence  of  a  bacill.Tmia  (during  the  last  stages  of  the  disease)  would 
not  at  times  im])ibo  the  organism. 

None  of  our  cases  were  advanced  enough  to  lead  one  to  suspect 
that  a  bacilhemia  existed.  That  such  a  condition  does  occur  at 
times  is  fully  testified  to,  but  the  relatively  small  number  of  bacilli 
present  even  in  such  cases  is  also  shown  by  the  persons  that  have 
sought  for  it  in  vain.  Tho.se  two  facts,  the  rarity  of  lej^rous  bacil- 
Iffimia  and  the  rolativoly  small  number  of  ])acilli  prosont  per  unit  of 
blood,  are  sullicient  to  exclude,  on  mathematical  grounds,  such  an 
occurroncc  as  being  of  o|)i(l('niiological  importance. 

CONCLUSIONS. 

Mosquitoes  fcM'ding,  under  natural  conditions,  upon  casos  of  nodular 
iojjro.sy  HO  rjiroly,  if  ov<'r,  iuihibc  tho  l(sj)ra  bacillus  that  wo  can  oxcludo 
thcni  UH  one  of  tlio  ordinary  moans  of  transforronco  of  this  bacillus 
from  iopors  to  tho  skin  of  lioaltliy  persons.  Tiiis  insect  is  thoroforo 
not  of  oj)i(l<'niiological  iniportanco  in  this  disease. 

I  dosiro  to  Hcknow!(ulgo  the  aid  furnishod  nio  l)y  Messrs.  Fulloway 
and  Terry,  I'nitod  States  no|)artmont  of  Agriculture,  in  informing 
rac  as  to  tlu!  sp(;cios  name  of  tho  Culcz  found  in  Honolulu. 
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PART  II.— A  FURTHER  NOTE  ON  THE  FAILURE  TO  FIND 
LEPRA  BACILLI  IN  MOSQUITOES  THAT  HAD  FED  UPON 
LEPERS. 

In  the  previous  paper"  we  published  the  negative  results  obtained 
by  us  from  the  examination  of  493  female  mosquitoes  that  had  fed 
under  natural  conditions  on  cases  of  nodular  leprosy.  In  that  paper 
we  stated  that  we  expected  to  pursue  these  studies  further  as  soon 
as  female  specimens  of  Stegomyia  callopus  could  be  obtained. 

The  examination  referred  to  of  the  493  mosquitoes  demonstrated 
only  that  these  insects,  when  feeding  under  natural  conditions,  did 
not  contain  lepra  bacilli  in  their  digestive  tracts  after  such  feeding. 
The  present  work  was  undertaken  in  hope  of  ascertaining  the  reason 
or  reasons  underl34ng  the  above  fact. 

In  the  fu'st  article  we  stated  that  one  of  the  following  reasons 
must  account  for  the  absence  of  the  bacilli  in  these  insects  after 
such  feeding: 

First.  That  the  cases  of  leprosy  were  not  suitable  ones  for  the  test 

Second.  That  by  chance  the  insects  had  failed  to  bite  over  a  leprous 
nodule. 

Third.  That  the  insect,  when  at  liberty,  purposely  avoids  nodules, 
and  chooses  the  area  of  healthy  skin. 

Fourth.  That  for  some  reason,  as  previously  mentioned  by  Ehlers 
and  Bourret,  the  mosquito  does  not  take  in  the  bacilli  when  feeding 
from  a  leprous  nodule. 

Fifth.  That  the  bacilli  are  soon  destroyed  in  the  mosquito's 
stomach. 

The  first  of  these  we  excluded  by  a  description  of  the  cases,  which 
were  of  a  type  that  afforded  the  mosquitoes  every  opportunity  to 
obtain  bacilli;  the  question  of  chance  in  the  second  supposition  could 
be  excluded  on  the  face  of  it  by  the  large  number  of  insects  exam- 
ined. The  remaining  three  we  hoped  to  clear  up  in  the  experiments 
to  be  described  in  these  notes. 

LITERATURE. 

In  our  first  article  on  this  subject  we  reviewed  the  literature,  so 
shall  not  consider  it  here,  except  to  state  that  in  the  former  article 
we  omitted  to  mention  the  negative  results  of  the  British  com- 
mission to  India  for  the  study  of  leprosy  (1890-1893).*  In  their 
experiments  with  a  number  of  mos(|uitoes  that  had  fed  on  lepers 
they  report  failure  to  find  bacilli  in  thirty  smears  that  they  examined ; 

o  Mosquitoes  in  relation  to  the  transmission  of  leprosy,  Part  I. 

*  Report  reviewed  by  Lancet,  1893,  vol.  1,  p.  1153,  and  Baumgarten'a  Jahresbe- 
richt,  vol.  9,  p.  273. 
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also  an  article  b}'  Ch.  Nicolas,  entitled  "Moustiques  et  Lepre,"**  in 
which  the  author,  by  reasoning;  from  epidemiolooical  data,  believes 
the  mosquito  to  pluj  a  part  in  the  spread  of  leprosy. 

We  desire  also  to  invite  attention  to  the  reference  made  to  Ehlers's 
report  on  the  results  of  the  Danish-French  commission  (1909).  The 
results  of  our  experiments  coincide  with  theirs,  in  so  far  as  mosquitoes 
are  concerned,  and  the  conclusions  drawn  as  to  the  probable  expla- 
nation of  the  failure  of  this  insect  to  imbibe  the  bacilli  are  identical 
with  theirs,  although  we  arrived  at  these  conclusions  in  a  somewhat 
different  manner. 

EXPERIMENTS. 

A.  To  determine  whether  or  not  mosquitoes,  when  imbibino;  a  fluid 
containino^  lepra  bacilli,  will  not  only  take  in  these  baeilh,  but  will 
retain  them,  morpholoccically  unchans;ed,  in  its  digestive  tracts  for  a 
reasonable  length  of  time. 

Experiment  1. — Placed  14  of  these  insects  in  a  jar  and  gave  them 
a  suspension  of  lepra  baciUi  in  water.  Withdrew  all  other  fluid  to 
force  them  to  imbil^e  of  this  suspension.  At  the  end  of  twenty-four 
hours  we  killed  the  insects  with  chloroform.  There  was  no  way  of 
determining  wliich  of  these  insects,  if  any,  had  imbibed  this  fluid 
except  by  the  presence  of  lepra  bacilli  in  their  digestive  tracts. 

Smeared  the  aljdominal  contents  of  these  insects  on  glass  slides, 
fixed  them  by  heat,  stained  them  for  three  minutes  in  Carho-Fuchsin 
(Ziehl-Nielson),  decolorized  for  ten  seconds  in  1  per  cent  nitric  acid 
in  70  per  cent  alcoliol,  counter  stained  with  Loefller's  Metliyleno  Blue, 
and  examined  these  stained  smears  under  the  oil  immersion  lens. 

9  of  thefle  insects  showed  no  bacteria  of  any  kind  in  thoir  intestinal  tracts. 
5  of  these  insects  showed  a  larpe  nunilxT  nf  \t'])n\  l)acilli  in  flioir  intestinal 
tracts. 

These  organisms  were  typical  ainl  uiicliaiigcil  in  ajipcarance,  even 
to  tlic  occurrence  in  characteristit"  chimps,  the  hirgest  of  these  clumps 
containing  10  lepra  bacilli.  Many  oil  innnersion  iields  showed  20  or 
more  lepra  bacilli,  although  the  smears  were  of  only  average  thickness. 

l''.Zj)(r'imfnt  2.  -l^laced  0  of  these  insects  in  a  cage  containing  a 
similar  lepra  bacilli  suspension  in  water. 

Twenty-four  hours  later  we  killed  these  insects  with  chh)r()r»)rni, 
smeared  their  intestinal  contents  on  glass  slides,  and  stained  them  by 
the  nieth(j(l  described  in  the  last  experinuMit : 

4  of  thcw!  inHCctii  showed  no  barteria  of  any  kind  in  tln'ir  iIlt(•^^lillaI  conlcnts. 
2  of  th«tw  inneclM  showed   iiiiriHTDiiH  tyi>i<al   l<'|ira   l)a<illi   in   llicir  iiitcwtiiial 
contentH. 


o  Hull,  Sw.  pathol.  oxot.,  1908,  p.  403.  quoted  l.y  l.fpra,  vol.  8,  fasc.  4,  p.  243. 
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B.  Experiments  having  a  twofold  object:*^ 

First.  To  ascertain  whether  the  female  Stegomyia  callopus  shows 
any  preference  between  the  normal  skin  and  the  skin  over  leprous 
nodules. 

Second.  To  ascertain  whether  mosquitoes  which  had  actually  fed 
over  a  leprous  nodule  did  or  did  not  contain  lepra  bacilli  in  their 
digestive  tracts. 

Experiment  1. — Placed  5  female  specimens  of  Stegomyia  callopus  in 
a  large-mouth  bottle  and  placed  the  bottle  over  a  leprous  nodule;  3 
insects  bit  the  adjacent  normal  skin,  while  2  bit  over  the  nodule. 
Two  hours  later  all  5  insects  were  killed  with  chloroform  and  their 
abdominal  contents  stained  and  examined.  None  of  these  insects 
showed  any  acid-fast  bacilli  in  their  digestive  tracts.  Of  course  it 
was  not  to  be  expected  that  the  3  that  bit  the  normal  skin  would 
contain  such  bacilli,  but  they  were  all  examined  as  a  matter  of  routine. 

Experiment  2. — Placed  3  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule,  by  the  same  method  described  above.  They 
all  lit  on  the  normal  skin,  but  refused  to  feed,  probably  due  to  the 
fact  that  the  atmospheric  temperature  was  low,  and  the  room  in 
which  the  experiment  was  performed  was  not  well  lighted. 

Experiment  3. — Placed  7  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule;  5  refused  to  bite,  1  bit  the  normal  skin,  and  1 
bit  over  the  leprous  nodule.  Examination  of  the  2  insects  that  had 
fed  failed  to  show  any  acid-fast  bacilli. 

Experiment  4- — Placed  9  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule;  3  bit  the  normal  skin  and  6  refused  to  bite  at 
all.  Examination  of  the  3  insects  which  had  bitten  the  normal  skin 
was,  as  would  be  expected,  negative. 

Experiment  5. — Placed  2  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule;  both  bit  the  normal  skin. 

Experiment  6. — Placed  1  female  specimen  of  Stegomyia  callopus 
over  a  leprous  nodule;  insect  bit  the  normal  skin. 

Experiment  7.- — Placed  4  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule;  3  bit  the  normal  skin  and  1  bit  over  the  nodule. 
Examination  of  all  4  insects  showed  no  acid-fast  bacilli  in  their 
intestinal  tracts. 

Experiment  8. — Placed  4  female  specimens  of  Stegomyia  callopus 
over  a  leprous  nodule;  2  bit  the  nodule  and  2  bit  the  normal  skin. 
Examination  of  the  4  insects  gave  negative  results  as  to  acid-fast 
bacilli. 


"■  In  all  these  experiments  the  leprous  nodules  were  rather  small,  not  occupying 
more  than  ono-third  of  the  total  skin  area  PurrouTuU'd  by  the  mouth  of  the  bottle,  so 
that  on  an  avorasc  the  mathematical  chances  of  the  insect  biting  a  nodule  was  as  1  is 
to  2  of  its  bitiiiir  the  normal  skin. 
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Experiment  9. — Placed  1  female  specimen  of  Stegomyia  callopus 
over  a  leprous  nodule;  it  bit  the  skin  over  the  nodule.  Examination 
of  the  insect  failed  to  show  any  acid-fast  bacilli  in  its  intestinal  tract. 

Experiment  10. — Placed  1  female  specimen  of  Stegomyia  callopus 
over  a  leprous  nodule.  In  biting,  the  insect  chose  the  adjoining 
normal  skin  instead  of  the  nodule.  After  a  two  hours'  interval  we 
smeared  the  abdominal  contents  of  this  insect  and  examined  it,  with 
negative  results. 

It  will  be  seen  by  the  experiments  so  far  recorded  that  of  37  mos- 
quitoes placed  over  leprous  nodules  7  bit  the  nodules,  16  bit  the 
normal  skin,  and  14  refused  to  bite. 

C.  Having  thus  obtained  sufficient  data  to  indicate  that  the  insect 
exhibited  no  preference  for  either  normal  sldn  or  leprous  nodule,  we 
ceased  to  keep  account  of  those  insects  which  fed  on  normal  skin  or 
those  insects  which  refused  to  bite  at  all,  the  recorded  experiments 
from  here  on  bearing  only  on  those  insects  which  actually  punctured 
a  well-marked  leprous  nodule. 

Experiment  1. — Placed  a  number  of  female  specimens  of  Stegomyia 
callopus,  each  in  a  separate  bottle,  over  a  leprous  nodule;  of  these,  5 
bit  a  leprous  nodule.  Examination  of  these  5  insects  showed  no 
lepra  bacilli  in  their  digestive  tracts. 

Experiment  2. — Placed  1  female  specimen  of  Stegomyia  scutellaris 
over  a  leprous  nodule ;  the  insect  bit  the  skin  over  the  nodule.  Exam- 
ination of  the  insect  showetl  no  lepra  bacilli  in  its  digestive  tract. 

Experiment  3. — Placed  a  numl)er  of  female  s])ecimens  of  Stegomyia 
caJlopiLS,  each  in  a  separate  bottle,  over  a  leprous  nodule;  of  these, 
2  bit  the  skin  over  the  leprous  nodule.  Examination  of  these  insects 
showed  no  lepra  bacilli  in  their  digestive  tracts. 

Experiment  4. — Placed  a  number  of  female  specimens  of  Stegomyia 
callopus,  each  in  a  separate  bottle,  over  a  leprous  nodule;  of  these,  9 
bit  the  skin  over  a  lejjrous  nodule.  Examination  of  these  9  insects 
showed  no  lei)ra  bacilli  in  their  digestive  tracts. 

Experiment  J.  —Placed  u  number  of  female  specimens  of  Stegomyia 
callopus,  each  in  a  separate  bottle,  over  a  lejjrous  nodule;  of  these,  7 
bit  the  skin  over  a  h'prous  nodule  IC.xainination  of  these  7  insects 
Kh(»wed  no  lepra  bacilli  in  their  digestive  tracts. 

Experiiinut  (I.  —  Placed  a  number  of  IVnude  s|)eciniens  of  Stegomyia 
callopuH,  each  in  a  sepanitc  hoi  lie.  over  a  leprous  nodule:  of  these, 
15  bit  the  skin  over  a  leprous  nodule.  E.xaniinaf ion  of  these  15 
liwectH  .showed  no  lepra  l)a<Mlli  in  theii-  digestive  tract.s. 

Experiment  7. — Placed  a  nund)ei-  of  female  specinwus  of  Strgomyia 
callojniH,  each  in  a  .sepaiat*'  bottle,  over  a  h-prous  nodide;  of  these,  8 
bit  the  skin  over  a  leprous  nodule.  K.xaniiiuit  ion  of  these  S  insects 
Hhowed  no  lepia  haiiiii  in  their  digestive  tracts. 
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Expenment  8. — Placed  a  number  of  female  specimens  of  Stegomyia 
callopus,  each  in  a  separate  bottle,  over  a  leprous  nodule;  of  these,  6 
bit  the  skin  over  a  leprous  nodule.  Examination  of  these  6  insects 
showed  no  lepra  bacilli  in  their  digestive  tracts. 

Experiment  9. — Placed  a  number  of  female  specimens  of  Stegomyia 
callopus,  each  in  a  separate  bottle,  over  a  leprous  nodule;  of  these,  7 
bit  the  skin  over  a  leprous  nodule.  Examination  of  these  7  insects 
showed  no  lepra  bacilli  in  their  digestive  tracts. 

SUMMARY. 

1.  Of  23  insects  that  were  given  a  choice  of  feeding  on  the  skin  over 
a  leprous  nodule  or  on  normal  skin,  7  bit  over  the  nodules  and  16  bit 
the  normal  skin.  The  area  covered  by  the  nodules  and  the  area  cov- 
ered by  the  normal  skin  was  as  1  is  to  2. 

2.  Total  number  of  insects  that  bit  leprous  nodules  (B  plus  C 
series),  67. 

3.  Number  of  insects  that  showed  lepra  bacilli,  none. 

4.  Of  20  mosquitoes  given  an  opportunity  to  feed  on  a  suspension 
of  lepra  bacilli  in  water,  7  showed  lepra  bacilli  and  13  showed  no  lepra 
bacilli  in  their  digestive  tracts. 

DISCUSSION. 

First.  That  if  mosquitoes  should  imbibe  any  body  fluid  that  con- 
tains lepra  bacilli,  they  will  not  onl}"  take  those  bacilli  into  their 
digestive  tracts,  but  will  keep  them  there,  morphologically  unchanged, 
for  several  hours. 

Second.  That  the  mosquito,  when  it  bites  over  a  lepra-bacilli-filled 
nodule,  does  not  imbibe  the  bacilli. 

Third.  That  when  given  its  choice  the  insect  appears  to  show  no 
preference  for  either  the  normal  skin  or  a  nodule. 

If  the  first  and  second  of  these  three  observations  are  correct,  then 
it  follows  that  the  insect,  when  it  punctures  the  skin  over  a  leprous 
nodule,  draws  only  bacilli-free  fluid,  this  alone  accounting  for  the 
absence  of  bacilli  in  its  body  after  such  feeding.  The  investigator, 
in  attempting  to  imitate  the  insect  by  puncture,  invariably  draws  a 
bacilli-fdlcd  fluid.  The  fluid  of  a  nodule  that  is  rich  in  bacilli  is  the 
lymph.  The  only  bacilli-free  fluid  that  a  no(hile  could  contain  is 
that  within  the  vessel  walls  of  the  general  circulation  (capillary  or 
small  venule). 

From  this  reasoning,  based  u])on  the  data  obtained  in  the  experi- 
ments cited  above,  it  is  evident  that,  while  it  is  im])ractical  for  man 
to  obtain  lymj)h-free  blood  through  a  ])nncture  of  the  skin,  this 
insect  is  able  to,  and  does,  insert  its  i)rob()s(is  dircH'tly  into  a  capillary 
or  other  small  vessel  and  <h:nvs  i)ur('  blood  diiectly  from  the  general 
circulation. 

52478— Bull.  39 -10 3 
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In  these  experiments,  as  in  those  described  in  the  first  paper,  we 
are  deahng  with  cases  of  the  afebrile  stage  of  leprosy.  Our  experi- 
ments, therefore,  present  no  data  as  to  what  may  occur  during  the 
febrile  stage  of  the  disease,  in  which  bacillgemia  is  present.  But,  as 
stated  in  the  foregoing  paper,  the  stage  of  bacilla-mia  is  relatively  rare, 
and  the  number  of  bacilli  per  unit  of  blood  is  relatively  small;  even 
though  the  mosquito  does  imbibe  bacilli  in  such  febrile  cases,  it 
mist  occur  too  seldom  to  be  of  great  epidemiological  importance. 

CONCLUSIONS. 

First.  The  reason  that  mosquitoes  that  have  fed  on  lepers  do  not 
contain  the  lepra  bacilli  is  that  when  these  insects  feed  they  insert 
their  proboscis  directly  into  a  blood  vessel  and  thus  obtain  bacilli-free 
blood,  unmixed  with  lymph. 

Second.  That  the  above-mentioned  habit  alone  accounts  for  the 
absence  of  lepra  bacilli  in  mosquitoes  that  have  fed  on  lepers;  the 
insect  neither  avoids  biting  a  leprous  nodule  nor  is  its  digestive 
tract  or  the  contained  fluids  capable  of  altering  the  morphology  of 
this  bacillus  in  a  reasonable  length  of  time. 
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FLIES  IN  RELATION  TO  THE  TRANSMISSION  OF  LEPROSY. 


By  Donald  H.  Currie, 
Passed  Assistant  Surgeon  and  Director,  Leprosy  Investigation  Station. 


INTRODUCTION. 


Practical  experience  has  demonstrated  that  in  some  countries  lep- 
rosy can  be  controlled  by  sanitary  regulations,  including  the  isolation 
of  the  afflicted.  But  the  fact  remains  that  there  are  other  localities 
where  no  amount  of  effort  can  remove  the  passive  resistance  of  a 
large  part  of  the  population  to  such  measures.  Such  resistance  need 
consist  in  little  more  than  the  refusal  to  report  their  sick  to  the 
authorities  in  order  to  make  the  eradication  of  the  disease  next  to 
impossible. 

In  its  early  stages,  sometimes  for  the  first  few  years  of  the  disease, 
the  symptoms  are  often  such  as  to  make  this  concealment  an  easy 
matter.  In  spite  of  this  difficulty,  all  possible  efforts  should  be 
directed  to  the  early  detection  and  isolation  of  cases,  but  if  we  could 
determine  more  exactly  the  means  by  which  leprosy  is  spread  we 
might  expect  to  develop,  from  the  knowledge  thus  gained,  other  sani- 
tary regulations  that  would  tend  to  inhibit  some  of  the  mechanisms 
of  transfer,  and  thus  aid  the  present  system  of  isolation  in  the  control 
of  the  disease. 

See's  abstract  of  Jeansclme's  article  "  contains  the  following  three 
terse  sentences:  "La  lepre  est  une  maladie  terrible  et  incurable." 
'*La  race  blanche  n'est  pas  k  I'abri  de  la  lepre."  "La  lepre  se  propage 
exclusivement  par  contagion."^  These  words  express  much — our 
helplessness  after  the  disease  has  developed,  the  danger  to  which  no 
people  are  immune,  and  the  measures  that  offer  the  greatest  chances 
of  success,  the  measures  looking  to  the  prevention  of  contagion, 
direct  or  indirect. 

o  Lepra,  Vol.  Ill,  p.  64. 

i>The  author  employs  "contagion"  in  a  broad  sense  as  meaning  direct  or  indirect 

contact,  as  is  shown  further  on  in  the  article  by  the  following:     " de  loutea  les 

professions  amenant  avec  d'autres  individus  des  contacts  directs  ou  indirects  (alimen- 
tation, habilU'inciit,  domesticiti?,  etc.)  do  I'usage  des  bains,  hGtels,  voitures  publi- 

ques,  etc." 

(21) 
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But  in  order  to  carry  out  these  measures  more  perfectly  we  must 
first  know  what  constitutes  indirect  contact — what  agencies  consti- 
tute a  mechanism  for  the  transfer  of  the  infection. 

In  our  present  state  of  knowledge  all  that  we  can  Jio^pe  to  prove 
is  that  a  certain  mechanism  does  or  does  not  convey  the  organism  to 
the  skin  or  mucosa  of  man.  If  we  can  show  that  a  certain  mechanism 
does  not  effect  such  transfer,  we  can  exclude  it  as  a  factor  in  the 
spread  of  the  disease.  If,  on  the  other  hand,  we  can  show  that  a  cer- 
tain mechanism  often  does  convey  the  bacillus  of  leprosy  from  the 
ulcers  of  lepers  to  the  skin  of  healthy  men,  we  are  justified,  in  the 
interests  of  sanitary  protection,  in  presuming  that  such  a  mechanism 
is  a  factor  in  the  spread  of  the  disease.  Until  we  have  grown  the  bacil- 
lus on  artificial  media,  and  successfully  inoculated  the  lower  animals 
with  such  cultures,  it  is  difficult  to  see  how  we  can  hope  to  progress 
beyond  this  stage  of  presumptive  evidence. 

LITERATURE. 

The  following  literature  has  been  referred  to  and  has  a  direct  bear- 
ing on  this  subject: 

Report  of  the  I^eprosy  Commission  in  India.  (Lancet,  May  13,  1893,  p.  1153;  also 
Baumgarten'fl  Jahresbericht,  vol.  9,  p.  269.)    This  commission  placed  10  flies  on 

leprous  ulcers,  the  socretions  of  which  were  rich  in  bacilli.  The  subsequent  exami- 
nation of  these  flies  showed  no  lepra  bacilli. 

Corredor,  1893  (Revista  M6d.  de  Bogotd,  No.  201,  and  reviewed  by  Polakowsky  in 
Deut«:he  mod.  Wochenschrift,  No.  40,  p.  646;  also  referred  to  by  Nuttall  (1899)  in 
Johns  Hopkins  Hospital  Reports,  Vol.  VIII),  speaks  of  the  statement  of  an  Indian 
living  with  lepers  that  flies  often  gathered  upon  the  ulcers  of  these  afflicted  persons, 
after  which  the  insects  bit  him;  that  the  site  of  such  bites  became  inflamed  and  later 
ulcerated,  and  that  from  these  leprosy  resulted. 

Nuiull,  1899,  in  his  masterly  article  entitled  "On  the  role  of  insects,  arachnids,  and 
myriapods  an  carriers  in  the  spread  of  bacterial  and  parasitic  diseases  of  man  and 
aninuln"  (Johns  Hoj)kin8  Hospital  Reports,  Vol.  VIII),  stales  "it  appeare  that 
Linna'UH  and  Rolandfr  considered  that  Chlorops  (Musca)  lepra'  was  able  to  cause 
leproBV  by  its  bite"  (Rlanchard,  Zool.  med.  II,  p.  497).  Nuttall  also  reviews  this 
aubject  up  Uj  date,  referring  to  Corredor,  and  quotes  Joly  (1898),  "Importance  du 
r6le  dt«  insectee  dans  la  (ransmission  des  maladies  infectieuses  ct  parasitaires,"  as 
Dialing  that  Sabrazes  believed  that  leprosy  might  be  transferred  by  a  large  number 
of  ntiiall  infK-ulations  from  in.secls. 

Joly,  lfK)I  (Lfcj.re  h  Mudagiwar.  Arch,  de  M6<].,  .Nov.,  1901,  p.  459,  and  referred  to  in 
I,<-pru,  vol.  3,  p.  57),  believes  flies  fill  them-selves  with  the  secretions  of  h'\}or»  and 
carry  the  bacilli  to  others. 

Tu(k<r,  ]'>()'',.  A  contribution  to  the  discusnion  on  the  a!ti(»logy  of  lei)ra.  (Indian 
I.:,  ,  vol.  21,  p.  b30.)     RaUMigarteii  refers  to  this  article  in  Bauingarlen'B 

Ju!.  .  ..I,   vol.   19,   p.   3:i5,  su*  follows;  "Ilelieves  certain   fly  j)lays  a  rOle  in 

Hprcad  of  lepnwy,  but  furniiihcw  no  prof)f." 

8mil,  I!KW  (Arrh.  f.  iJerniati.l.  u.  Kyphil.,  vol.  01,  p.  3K9),  in  writing  of  leprosy  in  the 
Argentine,  «lalo«  that  he  iloes  not  believe  in  insect  transniiHoion. 

MiiMT,  llK>r,,  in  un  article  entitled  "  J'rophylaxie  des  malarlies  exr)li(|ucs"  (quoted  in 
Ufturitgarleii't.  Juhret.beri<lif ,  vol.  22,  i>.  343),  refers  to  ('..rredor's  statement  (vido 
nupra). 
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Clift,  1907,  in  an  article  entitled  "The  intestinal  origin  of  leprosy"  (British  Med. 
Journ.,  Apr.  20,  1907,  p.  931;  also  Arch.  f.  Dermatol,  u.  Syphil.,  vol.  89,  p.  132), 
raises  the  question  of  the  possible  transfer  of  lepra  bacilli  by  means  of  flies  from 
leprous  ulcers  to  foodstuffs. 
Wherry,  1908,  in  an  article  entitled  "Further  notes  on  rat  leprosy  and  on  the  fate  of 
human  and  rat  lepra  bacilli  in  flies"  (Journ.  of  Inf.  Diseases,  vol.  5,  p.  507;  also 
U.  S.  P.  H.  and  M.  H.  Reports,  vol.  23,  p.  1841),  shows  by  experiment  that  several 
flies,  including  Musca  domestica,  took  up  large  numbers  of  rat-lepra  bacilli  from  the 
carcass  of  a  leprous  rat  and  deposited  them  all  in  a  few  days  after  ingestion.  That 
the  larv£e  of  Calliphora  vomitoria  if  placed  in  the  carcass  of  a  leprous  rat  become 
heavily  infected  with  lepra  bacilli,  but  the  flies  produced  by  these  larvae  seldom 
contain  the  bacilli,  and  then  only  a  few.  He  also  states  that  a  single  fly  {Musca 
domestica)  caught  on  the  face  of  a  human  leper  showed  numerous  acid-fast  lepra-like 
bacilli. 
Nash,  1909,  in  an  article  entitled  "House  flies"  (Journ.  of  Hyg.,  vol.  9,  p.  161),  states 

"the  spread  of  leprosy  has  also  been  attributed  to  biting  flies." 
Duque,  1909  (Sanidad  y  Beneficencia,  Habana,  June,  1909)',  expresses  the  belief  that 

flies  act  as  carriers  of  leprosy. 
MacLeod,  1909  (The  present  state  of  our  knowledge  of  the  bacteriology  and  patho- 
logical anatomy  of  leprosy.     Lancet,  Aug.  21,  1909),  states:  "So  far  the  microbe  has 
not  been  found  in  insects  suspected  of  disseminating  the  disease." 
Muhlens,  1910  (Berliner  Klin.  Wochenschrift,  Mar.  7, 1910,  p.  440),  refers  to  T\Tierry's 
work  as  follows:    "Wherry  has  established  the  fact  that  lepra  bacilli  taken  up  by 
flies  do  not  multiply  in  the  latter,  and  are  soon  deposited  again." 
The  close  resemblance  of  the  tubercle  and  lepra  bacill  make  data 
obtained  in  the  case  of  the  one  of  a  certain  value  in  the  case  of  the  other. 
Therefore  the  following  references  are  not  out  of  place: 
Spillmann  and   Haushalter,   1887  (Dissemination  du   bacille  de  la  tubercuiose  par 
mouches.     Compt.  rend.,  vol.  7,  p.  352),  found  many  tubercle  bacilli  in  the  bodies 
and  in  the  feces  of  flies  that  they  had  captured  in  the  wards  of  a  hospital. 
Hofmann,  1888.     Ueber  die  Verbreitung  der  Tuberkulose  durch  Stubenfliegen.     Cor- 
respondenzblatt  d.  aertzl.  Kreis-  u.  Bezirksvereine  im  Koenigreiche  Sachsen,  vol. 
44,  No.  12,  p.  130,  referred  to  by  Nuttal.     Found  tubercle  bacilli  in  4  out  of  6  flies 
caught  in  a  ward  which  had  been  occupied  by  a  patient  suffering  from  tuberculosis. 
Lord,  1904.     Boston  Med.  &  Surg.  Journ.,  December  15, 1904,  pp.  651-654.     Publ.  of 
Mass.  Gen.  Hosp.,  1906,  p.  118,  and  reviewed  by  Lancet,  February  18,  1905,  and 
by  the  Journal  of  American  Medical  Assn.,  March  31,  1906.     Also  referred  to  by 
Wherry  in  his  article  (for  title,  etc.,  vide  supra),  and  by  Howard  in  Bull.  No.  18, 
U.  S.  Dept.  of  Agriculture.     We  have  not  seen  the  original  publication,  but  from  the 
several  reviews  and  references  it  appears  that  Lord  fed  30  caged  flies  with  tubercu- 
lous sputum.     During  the  next  few  days  these  insects  deposited  many  tubercle 
bacilli  (3,000  to  5,000  per  speck),  and  by  the  end  of  the  third  day  26  of  these  30 
insects  had  died.     Some  of  the  references  to  this  article  mention  the  experiment  as 
demonstrating  that  the  bacilli  increased  in  the  insects'  intestinal  tract;  that  iniineiise 
nXimbers  were  deposited  is  certain,  but  there  is  nothing  in  the  references  we  have 
that  speaks  of  the  numbers  ingested.    That  the  tubercle  bacillus  should  multiply 
greatly  in  three  days  Under  such  conditions  of  temperature,  etc.,  would  seem  most 
surprising. 
Heiser,   1909  (Quarterly  Report  of  Bureau    of  Health  for  the  Philippine  Islands, 
third  quarter,  1909,  p.  3),  states  that  "  the  bacilli  of  tuberculosis  may  also  be  dissem- 
inated by  flies,  because  the  fly  will  feed  on  sputum,  and  the  tubercle  bacilli  may 
pass  through  the  digestive  tract  alive  and  appear  in  the  llyspeck.     Tubercle  bacilli 
have  been  found  alive  in  the  excreta  of  flies  fed  with  infected  sputum  fifteen  days 
after  the  flyspecks  had  been  deposited." 
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The  following  literature  has  also  been  referred  to;  it  has  only  an 
indirect  bearing  on  the  subject : 

Hirch,  1S96.     An  account  of  two  cases  of  coko  or  framboesia.     Lancet,  Vol.  II,  p.  173. 
Howard,  1902  (Farmers'  Bull.  155,  U.  S.  Dept.  of  AgricuItll^e^,  speaks  of  the  immense 

productive  power  of  the  "house  fly." 
Naah,  1904  (Lancet,  vol  1,  p.  380),  speaks  of  flies  as  transmitters  of  various  epidemic 

summer  diarrheas. 
Chantemesse  and  Borrel,  1905  (Report  of  the  Meeting  of  the  Acad,  of  Med.,  of  Paris, 

Lancet,  Nov.  4,  1905,  p.  1368),  speak  of  flies  in  connection  with  the  spread  of 

cholera. 
Howard,  1906  (Circular  71,  V.  S.  Dept.  of  Agriculture),  speaks  of  the  several  kinds  of 

flies  found  about  dwellings. 
Newstead,  1907  (Ann.  of  Trop.  Med.  and  Parasit.,  p.  507),  speaks  of  the  several  kinds 

of  flies  found  in  dwellings. 
Stephens  and  Xewstead,  1908.     The  anatomy  of  the  proboscis  of  biting  flies.     (Ann.  of 

Trop.  Med.  and  Parasit.,  1907,  vol.  8,  p.  171.) 
Glover,  1908  (Lancet,  Sept.  5,  1908,  p.  715),  speaks  of  flies  as  carriers  of  infantile 

diarrhea. 
Newstead,  Button,  and  Todd,  1908  (Ann.  of  Trop.  Med.  and  Parasit.,  vol.  1,  p.  3), 

speak  of  biting  flies  in  the  Congo  Free  State. 
Esten  and  Mason,  1908   (Storrs  Agri.  Exper.  Station,  Bull.  51,  quoted  by  Howard 

in  Bull.  78,  IT.  S.  Dept.  of  Agriculture),  state  that  of  414  flies  examined  the  average 

number  of  bacteria  was  over  1,000,000  per  fly. 
Huber.  1908  (N,  Y.  State  Journ.  of  Med.,  Nov.,  1908^  states  that  he  believes  tubercle 

bacilli  are  often  carried  by  flies. 

No  attempt  has  been  made  to  cover  the  literature  on  the  subject  of 
flies  in  connection  \nth  diseases  other  than  lepra,  the  above  few 
being  cite<l  only  as  examples  of  the  well-known  habit  of  the  fly  of  con- 
veying certain  pathogenic  organisms. 

The  interest  in  and  knowledge  bearing  on  insects  as  diseixse  carriers 
are,  for  the  most  i)art,  quite  recent;  but  the  followhig  is  of  interest  as 
denoting  lliat  opinions  on  this  subject  were  lield  by  some  at  an  early 
date:  Xett^r  (Arch,  de  M6d.  Exp6rim..  I'.MX).  i>.  109)  quotes  the 
foliowinjr  paragraph : 

Imo  iiiuwafi  lam  inlinuorum  tam  radaveruni  succo  saturates  mox  in  alias  douios 
vincinaUfs  tranflinigrantos,  dum  8«jrdibu8  suis  comcstibilia  inflciunt,  homiuibus 
attuliniK!  Mercurialis  refcrt. 

Nobilin  quiduiii  in  nupera  peste  Ncapolitanea  cum  ncscio  quid  ad  fenestram  obaer- 

varet  <•<  f c  crubro  quidain  advolans  naao  inse<lit  ot  pronuisridis  spiculo  eidem  infixo 

luiiif>ri-iii  qiicMKiuiii  t-ni-ril  (juo  HoiiHim  rrt'HCfntc  I't   intra   vi.'^cra  scrju'nto  veneno 

tiaud  ilijl>i«!  ex  contagioHo  humorc  qur'iii  tnusca  ex  cadavcre  suscoperat) 

•  •xtiiiclUH  fuit. 

Sl'M-MAHV    OF    I.I  ri;i{M  riJK. 

AhIcIc  from  those  who  iippnrnitly  hohl  njiinioiis  based  upon  theo- 
reti<ul  grounds,  we  hav«'  the  following  resean  h  uoik: 

1.  The  rommiHsiori  (o  India,  ]^U'A.  T\w\  plnccd  10  liir.'s  on  the 
ulerrs  <»f  h'jHM-H,  the  rontiMitH  of  which  Were  rich  in  bncilli.  but  their 
ri'«u!ts  were  negalivr. 
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2.  Wherry,  who  examined  a  single  fly  caught  from  a  human  leper, 
found  lepra  bacilli  in  its  intestinal  contents. 

In  addition  to  the  above,  we  have  the  report  of  Corredor ;  but  it  will 
be  seen  that  the  observation  was  not  made  by  Corredor,  but  by  an 
Indian  leper,  and  from  our  information,  we  presume,  an  untrained 
observer.  We  hardly  think  that  this  observation  should  be  given 
much  weight. 

Attention  is  invited  in  this  connection  to  the  fact  that  we  are  deal- 
ing with  nonbiting  flies;  if  it  were  otherw^ise,  a  little  more  literature 
could  be  cited,  notably  the  Danish-French  commission. 

When  we  consider  the  interest  recently  shown  in  the  subject  of 
insects  as  disease  carriers,  the  small  amount  of  published  researches 
on  the  subject  we  are  dealing  with  is  surprising.  Especially  is  this 
true  when  we  further  consider  that  leprosy  is  known  to  occur  most 
where  social  and  hygienic  conditions  are  not  good.  It  is  under  such 
conditions  as  these  that  we  are  apt  to  find  the  bacilH-discharging  ulcer 
carelessly  exposed  to  the  attacks  of  flies,  and  it  is  also  under  such 
surroundings  that  these  insects  are  apt  to  be  in  greatest  abundance. 

FLIES    EXPERIMENTED    WITH. 

Of  the  several  species  of  flies  found  in  Honolulu  and  Kalawao,  we 
chose  the  following  for  our  experiments :  Musca  domestica,  SarcopTiaga 
pallinervis  (Thomson) ,  Sarcopliaga  harbata  (Thomson),  Volucella  obesa 
(Fabr.),  and  an  undetermined  species  of  Lucilia.^ 

As  might  be  expected,  we  found  that  in  and  about  dwellmgs  the 
first-named  fly  is  by  far  the  more  numerous;  in  fact,  greatly  exceeds 
in  number  all  other  kinds  of  dipterous  insects  combined.  The  findings 
in  the  case  of  this  fly  may,  therefore,  be  of  greater  importance  from  a 
sanitary  standpoint  than  the  findings  in  the  cases  of  the  two  kinds  of 
Sarcophaga  (the  common  blowfly  in  this  locality).  The  Lucilia  (spe- 
cies undetermined)  is  fairly  common;  the  Volucella  obesa  could  hardly 
be  of  importance,  for  the  reason  that,  although  occasionally  found  in 
houses,  I  have  never  seen  it  voluntarily  light  on  man,  and  it  is  more 
often  found  in  shaded  parts  of  the  premises,  outside  of  the  dwellings. 

CONTROL   WORK. 

Twenty  specimens  of  Musca  domestica  and  12  specimens  each  of  the 
four  other  varieties  were  captured  and  killoil  witli  chloroform;  their 
abdomens  were  detached  and  opened,  the  intestines  removed,  and 
their  contents  smeared  on  glass  slides  and  fixed,  after  which  they  were 
stained  with  carbo-fuchsin  (Ziehl-Xielson).     They  were  then  decolor- 


o  We  are  indebted  to  Messrs.  FuUaway  and  Terry,  entomologists,  Hawaii  Experi- 
mental Station,  U.  S.  Department  of  Apricultiiro,  for  the  classification  of  the  above- 
mentioned  flies. 

52478— Bull.  39—10 4 
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ized  in  1  per  cent  nitric  acid  in  70  per  cent  alcohol  and  counterstained 
^^■ith  a  solution  of  alkaline-methylene  blue  (Loeffler's).  Examination 
of  the  smears  with  the  oil-immei-sion  lens  showed  no  acid-fast  bacilli. 
The  structures  mentioned  in  the  mosquito  in  a  previous  bulletin  (The 
Mosquito  in  relation  to  the  transmission  of  leprosy)  as  holding  their 
stain  against  the  acid  alcohol  were  also  present  in  the  smears  of  the 
flies,  but,  as  in  the  case  of  the  other  insects,  errors  could  hardly  occur 
on  account  of  these  acid-fast,  broken  bits  of  scales.  The  above  68 
insects  were  examined  to  determine  whether  a  fly  that  had  not  been- in 
contact  \vith  either  lepei-s  or  cases  of  pulmonary  tuberculosis  con- 
tained any  acid-fast  bacilli  which  might  be  mistaken  for  the  bacillus 
of  leprosy. 

PART   I.— FLIES    AND     THE    ACID-FAST    BACILLUS    OF 

MOELLER. 

At  the  time  that  these  oxperimonts  were  first  considered,  circum- 
stances weresuch  as  to  make  it  impracticable  to  secure  leprous  material; 
it  was  therefore  decided  to  perform  certain  preliminary  experiments 
\nth  another  acid-fast  bacillus,  namely,  the  grass  bacillus  of  Moeller," 
and  later,  as  soon  as  the  lej)rous  material  should  become  available  to 
us,  to  conduct  similar  experijnents  with  Hansen's  organism.  By  doing 
this  we  hoped  to  perfect  a  technique  in  the  handling  of  the  flies  that 
would  be  of  aid  to  us  in  tiie  subsequent  work  with  the  lepra  bacillus; 
then  again,  there  was  no  limit  to  the  amount  of  material  available  for 
the  grass  bacillus  experiments;  hence  as  many  tests  could  be  made  as 
seemed  advisable.  It  was  also  believed  that  if  the  results  obtained 
with  this  bacillus  were  later  duplicated  by  the  results  obtained  with 
the  le})ra  bacillus  that  this  ])relijninarv  work  would  not  be  entirely 
lost,  but  would  have  the  value  of  su|)j)orlirig  evidence  for  the  more 
important  work  to  be  undertaken  A\ith  the  bacillus  of  leprosy.  The 
acid-fast  baeilli  which  we  (employed  in  the  ])roliminary  work  were 
grown  upon  ordiuury  nutrient  agar,  and  were  found  to  dill'er  very  little 
in  .size  and  staining  reaction  from  the  bacillus  of  leprosy.  On  an 
average  they  were  a  trifh?  shorter  and  more  ])lump. 

ExPEriiMB.VT-i  WITH  S ircopkiga  p^Uinrrvls  (Thomson). 

l'lx]>frhtifHt  I . — A  giiineii  |)ig  was  chosen;  its  abdctnien  was  shaven, 
wa.s|j«'d  with  soap  and  water,  and  dried  with  a  towel.  By  means  of  a 
pair  of  .scLs.sors  a  circular  piece  of  its  skin  was  clipped  out,  so  as  to 
form  an  artificiul  ulcer  ry  millimctei-s  in  diameter,  with  its  base  formed 
by  the  fasciii  covering  the  anterior  iibdojnimil  muscles.  A  l()oj)ful  of 
an  agar-rullure  of  this  grass  bacillus  was  placed  in  this  ulcer  and  inti- 
mately mixed  with  the  bloody  ueruni  that  had  exuded  into  the  ulcor. 

o  MfX'Ilor  liiut  im\&to<\  thrro  •linlinrt  vnriotiofl  (?)  of  Rraas  bacilli;  in  pawing  through 
many  hiiiidn  itio  rof-nrdn  oit  to  which  one  llji«  orKaniHin  dc«ccn<lo(|  from  liaH  been  lost. 
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A  fly  of  the  above  species  was  placed  in  a  wide-mouth  bottle  measur- 
ing 14^  cm.  in  length  and  5J  cm.  in  circumference.  The  bottle  was 
inverted,  its  mouth  placed  over  the  ulcer,  and  held  in  this  position. 
The  fly  was  not  disturbed  any  more  than  was  necessary  in  the  inver- 
sion of  the  bottle. 

The  insect  immediately  flew  to  the  ulcer,  alighting  on  its  edge,  and 
fed  freely  from  the  secretions  containing  the  grass  bacilli.  It  then 
turned  about  and  deposited  a  number  of  larvae  near  the  ulcer.  These 
larvse  at  once  buried  themselves  in  the  secretions  of  the  ulcer  and 
remained  there  about  ten  minutes,  when  they  were  picked  up  and 
placed  in  a  bottle.  These  larvse  were  labeled  "2-A"  and  will  be 
referred  to  later. 

Forty-eight  hours  later  this  insect  was  found  dead  in  her  cage, 
although  food  had  been  supplied  her.  Her  abdomen  was  separated 
from  the  thorax,  its  intestines  removed,  their  contents  smeared  on  a 
glass  slide,  stained  for  acid-fast  baciUi  by  the  method  described  under 
''control  work,"  and  examined.  This  smear  showed  an  immense 
number  of  acid-fast  bacilli,  identical  in  appearance  with  the  grass 
bacillus. 

Experiment  2. — Took  another  fly  of  the  above  species,  placed  it  in  a 
bottle  as  described  in  the  last  experiment,  and  placed  the  bottle 
over  an  artificial  ulcer  that  had  been  infected  with  grass  bacilli.  The 
fly  promptly  lit  on  the  edge  of  the  ulcer,  fed  freely  from  its  secretions, 
and  then  deposited  four  larvae.  The  fly  was  placed  in  a  clean  cage 
and  given  sterile  food.  The  larvse  were  labeled  "  13-A"  and  wiU  be 
referred  to  later. 

On  the  following  morning  the  adult  insect  was  found  dead;  its 
intestinal  contents  were  examined,  and  found  to  contain  immense 
numbers  of  acid-fast  bacilli. 

Experiment  3. — Took  another  fly  of  the  same  species  and  placed 
it  over  another  infected  ulcer.  The  fly  lit  on  the  edge  of  the  ulcer 
and  fed  sparingly  from  it,  only  dipping  her  proboscis  into  it  for  an 
instant,  and  repeating  this  act  two  or  three  times.  She  then  turned 
around  and  deposited  a  number  of  maggots  on  the  edge  of  the  ulcer, 
these  maggots  at  once  burying  themselves  in  the  secretions.  They 
were  labeled  "  17-A,"  and  will  be  referred  to  later.  The  adult  insect 
was  placed  in  a  clean  cage  and  fed. 

On  the  following  morning  she  was  given  another  clean  cage,  and 
the  specks  deposited  since  her  feeding  on  the  ulcer  were  exai lined 
and  an  average  of  G  acid-fast  bacilli  per  oil  immersion  field  were 
found  in  tliese  specks." 

oThis  means  of  conveying  an  idea  as  to  number  has,  of  course,  only  a  comparative 
value.  We  employed  the  Zeiss  No.  1.5  with  No.  4  eyepiece.  On  an  average  there 
were  about  30  "oil  immersion  fields"  in  a  flyspeck;  the  latter  vary  somewhat  in  size 
with  tho  nature  of  the  insect's  food. 
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On  the  day  following,  i.  e.,  forty-eight  hours  from  feeding,  the  feces 
of  the  insect  (that  has  been  passed  between  the  twenty-fourth  and 
forty-eighth  hour  after  the  feeding)  were  again  examined,  but  no 
acid-fast  bacilli  were  found.  On  the  same  day  the  insect  was  killed 
with  chloroform  and  its  intestinal  contents  examined,  but  no  acid- 
fast  bacilli  were  found. 

Experiments  with  Sarcoplidga  barhata. 

Experiment  1. — A  specimen  of  this  species  was  placed  over  a  grass- 
bacilli  infected  ulcer.  The  insect  lit  on  edge  of  ulcer  and  deposited 
six  laryte.  These  larvae  entered  the  ulcer  and  buried  themselyes  in 
its  secretions.  The  adult  insect  did  not  feed  herself;  she  was  removed 
into  a  clean  cage,  where  she  deposited  a  large  number  of  larvte.  The 
larvje  which  were  deposited  on  the  ulcer's  edge  were  labeled  "4-A," 
while  those  subsequently  deposited  in  the  cage  were  labeled  "4-B," 
and  will  be  referred  to  later.  Inasmuch  as  the  adult  insect  did  not 
feed,  she  was  destroyed. 

Experiment  2. — Another  specimen  of  this  species  was  chosen  and 
placed  over  a  grass  bacilli-infected  ulcer.  She  lit  near  the  edge  of 
the  ulcer,  and  fed  from  it  for  a  short  interval.  She  deposited  no 
larvte. 

The  following  morning  the  adult  insect  was  found  dead  in  the  cage. 
Examination  of  her  intestinal  contents  showed  several  huntlred  acid- 
fast  bacilli  to  each  oil  immersion  field. 

Experiment  3. — Another  specimen  was  placed  over  an  infected 
ulcer.  She  fed  very  little  from  it,  but  deposited  a  number  of  maggots. 
These  maggots  buried  themselves  in  the  secretions  of  the  ulcer;  after 
being  allowed  to  remain  there,  the}'  were  placed  in  a  clean  cage  and 
labeled  "  12-A,"  and  will  be  referred  to  later.  The  adult  insect  died 
during  the  following  night.  vSmcMirs  from  its  intestinal  contents 
showed  no  acid-fast  bacilli. 

Exppriment  J^. — Another  fly  of  (his  species  Mas  ciiosen  and  placed 
over  a  .similarly  infected  ideer.  The  insect  fed,  hul  did  not  deposit 
larva;;  it  was  placed  in  a  clean  cage  and  given  food,  as  in  the 
case  of  tlw^  previously  mentioned  insects.  This  insect  invariably 
deposited  her  fi'ces  on  the  foodstuffs  she  was  furnished,  so  that  no 
H[)ecks  ff)r  examination  w«Te  obtainabl(>.  The  insect  di(Ml  seven  days 
after  feeding.     The  intestinal  contents  showed  no  acid-fast  baiilli. 

ExperiTiient  6. — Anotlu-r  fly  of  the  same  species  was  j)laced  over  a 
similarly  infected  ulcer.  It  fed,  btit  did  not  deposit  hirvie.  The 
in.Hcct  was  given  a  clean  cage  and  food. 

No  fec'CH  froiu  this  insect  were  examine(l  for  the  lirst  twenty-four 
hours.  Those  deposited  two  days  later  were  exaniiiie<|  mikI  found  to 
be  negative.  'J'he  insect  was  then  j-hlorofornied,  ImiI  no  acid-fast 
bacilli  were  dlscovere<l  in  its  intestinal  contents. 
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Experiments  with  Lucilia  (species  undetermined). 

Experiment  1. — A  specimen  of  this  species  was  chosen  and  placed 
over  an  ulcer  infected  with  grass  bacilli.  It  at  once  lit  upon  the 
ulcer,  walked  over  its  surface,  and  fed  freely  from  its  secretions. 

The  following  morning  the  insect  was  found  dead;  examination 
showed  a  moderate  number  of  acid-fast  bacilli  in  its  intestmal  con- 
tents. 

Experiment  ^.^Another  fly  of  this  species  was  placed  over  an 
ulcer  in  the  same  manner  as  in  the  previous  experiment.  The  in- 
sect lit  by  ulcer  and  walked  across  its  surface,  but  it  was  not  possible 
to  determme  whether  it  had  fed  or  not. 

The  followiQg  morning  the  insect  was  found  dead.  Examination 
of  its  intestinal  contents  showed  no  acid-fast  bacilli. 

Experiments  with  Volucella  ohesa  (Fabr.). 

Experiment  1. — Placed  a  specimen  of  this  species  of  msect  over  an 
infected  ulcer.     It  refused  to  go  near  the  ulcer. 

Experiment  2. — Placed  a  specimen  of  the  same  insect  over  an 
infected  ulcer.  The  insect  went  to  the  ulcer  at  once  and  fed  from 
its  secretions,  but  did  not  deposit  larvse. 

On  the  following  day  the  feces  of  this  insect  were  examined  and 
found  to  contain  an  average  of  7  or  8  acid-fast  bacilli  per  oil-immer- 
sion field.  No  further  examination  was  made  until  the  third  day 
(four  da5''s  from  the  time  of  feeding),  when  the  insect  was  found  dead. 
Its  intestinal  contents  were  examined,  but  no  acid-fast  bacilli  were 
found. 

Experiment  3. — Another  fly  of  this  species  was  chosen.  It  lit 
upon  the  ulcer,  fed  freely,  and  deposited  three  larvae.  These  larvae 
were  labeled  "21-A,"  and  will  be  referred  to  later. 

Second  day:  The  adult  insect  was  given  a  clean  cage  and  food. 

Third  day:  Its  feces  were  examined  and  showed  an  average  of  55 
acid-fast  bacilli  to  each  oil-immersion  field. 

Fourth  day:  Examination  of  the  feces  of  this  insect  showed  IS 
acid-fast  bacilli  ])er  oil-immersion  field. 

Fifth  day:  Exandnation  was  made  of  the  feces  of  this  insect  and 
showed  an  average  of  12  acid-fast  bacilli  to  eacli  microscopic  field. 

Sixth  day:  Feces  of  this  insect  were  found  to  contain  an  average 
of  between  3  and  4  acid-fast  bacilli  per  field. 

Seventh  day:  The  seai'ch  of  the  feces  showed  an  average  of  a  little 
more  than  1  acid-fast  bacillus  to  each  oil-huniersion  fiekl. 

As  the  acid-fast  bacilli  had  been  reduced  to  such  small  numbers 
on  this  (lay,  no  fiiithei- examinations  of  the  feces  wei"e  made. 
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ExPEEiNiEXTS  WITH  HousE  Flies  {  Muscg  domcsHca),  That  Were 
Fed  with  Grass  Bacilli. 

Experiment  i.— First  day:  Placed  50  house  flies  (Musca  domestica) 
in  a  large  glass  jar,  covered  the  latter  with  cheese  cloth,  and  fed  the 
insects  agar-culture  of  grass  bacilli,  suspended  in  bouillon  containing 
sugar. 

Second  day:  Withdrew  the  bouillon  contjiining  the  grass  bacilli, 
and  fed  the  insects  })eptone  bouillon  containing  sugar,  but  no  grass 
baciUi.  (For  the  sake  of  brevity  we  state  here  that  this  sterile  food 
was  renewed  daily  throughout  the  life  of  the  insects,  no  more  acid- 
fast  bacilli  being  given  them). 

Tliird  day:  Several  flies  found  dead  in  cage;  examined  them  and 
found  that  their  intestinal  contents  showed  from  35  to  50  acid-fast 
bacilli  ])er  oil-iimnersion  field.  Thirteen  specks  were  examined,  these 
being  deposited  from  the  time  of  the  withdrawal  of  the  food  to  the 
twenty-fourth  hour  thereafter — i.  e.,  forty-eight  hours  from  the  earliest 
possible  time  that  the  insect  could  have  fed  on  the  aciil-fast  organisms 
and  twenty-four  hours  from  the  last  opportunity  the  insect  had  of 
imbibing  the  bacilli.  Four  of  these  were  negative  as  to  acid-fast 
organisms,  the  balance  showing  from  2  to  4  acid-fast  bacilli  per  oil- 
immersion  field.  Lat^r  on  the  same  day  eight  specks  were  taken 
from  the  jar  and  examined.  Two  of  these  specks  showed  no  acid-fast 
bacilli,  six  showed  from  25  to  40  acid-fast  bacilli  per  oil-iiuinei"sion 
field.  Still  later,  on  the  evening  of  the  same  day,  six  more  specks 
were  exajnined.  Four  of  these  showed  no  acid-fast  bacilli  and  two 
contained  <m  an  average  45  bacilli  per  micr()sco])ic  held. 

Fourth  day:  Thirty-eight  specks  were  examined,  and  for  the  sake 
of  convenience  from  these  thirty-eight  specks  19  s])ecimens  were 
made — i.  e.,  each  sj)ecim<'n  stained  for  examination  was  composed  of 
two  flyspecks.  Each  one  of  these  nineteen  s])ecks  contained  acid- 
fa.st  bacilli,  the  number  varying  from  1  acid-fast  bacillus  to  23  acid- 
fast  bacilli  per  field,  tiie  average  being  G  acid-fast  bacilli  j)er  liekl. 

Fifth  day:  Eighteen  llyspecks  were  chosen  ami  examined.  All 
Bliowed  arid-fiust  bacilli,  from  1  to  8  per  microscopic  lield. 

Sixtli  day:  Ten  specimens  of  feces  examined  showed  3  acid-fast 
bacilli  to  the  fieM,  14  specimens  of  feces  showed  no  acid-last  bacilli, 
10  HjK'ci.nenH  examined  sliowcci  an  average  of  1  acid-fast  bacillus  to 
the  field. 

Seventh  day:  Nearly  all  insects  dead.  Four  of  tlu'  living  ones  were 
killed  and  their  intestinal  contents  examined.  No  acid-fast  bacilli 
were  found ;  exjieriment  closed. 

Expnijnent2.  Placed  40  Hies  in  large  cage  and  fed  them  with  agar- 
r. lit  III.'  i.f  ./iiiss  bacilli,  suspended  in  Ik. nil!. m  «<inliiining  sugar. 
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Second  day:  Withdrew  the  grass  bacilH;  from  now  on  only  feeding 
sterile  sugar  broth.  Divided  the  insects  into  six  groups  and  placed 
each  group  in  a  separate  cage. 

Third  day:  Killed  first  group  composed  of  5  flies  (3  having  died), 
smeared  their  intestinal  contents  on  glass  slides,  and  stained  former. 
First  fly  showed  an  average  of  1  acid-fast  bacillus  to  two  microscopical 
fields;  second  insect  showed  very  few  acid-fast  bacilli,  1  to  many 
fields;  third  insect  showed  an  average  of  80  acid-fast  bacilli  per  micros- 
copical field;  fourth  insect  showed  on  an  average  10  acid-fast  bacilli 
to  each  field;  fifth  insect  showed  an  average  of  15  acid-fast  bacilli 
per  field. 

Fourth  day:  Killed  the  second  group,  composed  of  7  flies  (1  having 
died).  Three  of  these  insects  showed  no  acid-fast  bacilli,  1  showed 
an  average  of  4  bacilli  to  each  field,  1  showed  an  average  of  10  bacilli 
to  each  field,  1  showed  an  average  of  1  bacillus  to  four  fields,  and  1 
showed  2  bacilli  to  each  field. 

Fifth  day:  Third  group  killed,  composed  of  8  flies.  Five  flies 
showed  no  acid-fast  bacilli  in  their  intestinal  contents,  2  showed  an 
average  of  1  acid-fast  bacillus  to  seven  fields,  and  1  showed  an  average 
of  12  bacilli  to  each  field. 

Sixth  day:  Fourth  group  killed,  composed  of  6  flies  (2  having  died). 
None  of  these  insects  showed  any  acid-fast  bacilli. 

The  insects  of  the  last  two  groups  were  destroyed,  owing  to  the  fail- 
ure to  discover  any  acid-fast  bacilli  in  the  fourth  group. 

The  preliminary  experiments  with  the  grass  bacillus  show: 

First.  That  certain  "blowflies,"  when  given  an  opportunity,  will 
light  upon  an  ulcer  and  imbibe  of  its  contents;  that  by  doing  this  it 
takes  in  the  bacilli  that  are  present  in  the  secretions  of  the  ulcer,  and 
later  frees  itself  of  them  by  means  of  its  intestinal  discharges.  WliUe 
it  is  not  possible  with  the  few  experiments  we  have  performed  to  speak 
positively  on  the  point,  the  impressions  we  gained  in  this  preliminary 
work  were  that  the  bacilli  proba})ly  did  not  increase  nor  were  they 
destroyed  in  its  intestinal  tract,  but  that  the  number  discharged 
approximated  the  number  ijiibibed. 

Second.  That  flies  of  certain  species  de])osit  larvae  in  ulcers;  in  fact 
in  some  cases  ap])ear  more  anxious  to  do  this  than  to  feed  themselves. 

Third.  That  in  tlie  "house  fly"  (Afusca  domestica)  we  have  an 
insect  that  will  liarbor  these  bacilli  in  its  intestinal  tract  for  several 
days  after  imbibing  them. 

House  Mies  are  very  numerous  in  most  localities,  and  while  it  is  our 
intention  to  determine  how  long  the  baciHi  remain  in  the  intestinal 
tract,  we  feel  that  tjiis  is  not  the  most  im})ortant  part  of  the  subject, 
but  rather  how  many  bacilli  they  imbibe  and  discharge;  for,  given  a 
constant  source  of  su])])l3',  the  number  of  times  these  insects  wiH  All 
themselves  with  such  organisms  and  later  discharge  thejn  is  ])robably 
limited  only  by  the  length  of  the  insect's  life. 
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Furthermore,  its  propensity  for  lighting  upon  ulcers  exposed  to 
its  attacks  is  too  well  known  to  require  laboratory  data  on  the  sub- 
ject; it  is  also  well  kno\vn  that  the  same  insects  light  upon  the  skin  and 
exposed  mucus  membrane  of  man,  upon  his  food  suppl}",  and  in 
addition  to  this  deposit  their  feces  in  all  conceivable  places,  and  that 
such  feces  afterwards  become  dry  and  are  blown  about  as  "dust." 

In  regard  to  the  larvae  above  referred  to,  and  designated  as  "2-A," 
"13-A,"  "17-A,"  "4-A,"  "12-A,"  '''21-A,"- for  the  sake  of  brevity 
we  shall  not  describe  each  of  these  experiments  separatel}',  as  they 
all  gave  practically  parallel  results,  and  show  that  the  larvge  of 
these  insects,  which  had  fed  upon  these  acid-fast  bacilli,  contain 
immense  numbers  of  the  said  bacilli  immediately  after  such  feeding. 
These  bacilli,  however,  progressively  decrease  in  numbers  from  the 
time  of  feeding  up  to  the  time  the  larvae  enters  its  pupa  stage.  At 
the  time  of  this  latter  event  there  are  nearly  always  a  few  aciil-fast 
bacilh  still  present,  but  only  a  very  small  percentage  of  the  number 
present  on  the  day  of  the  feeding. 

These  acid-fast  bacilli,  and  in  our  experience  other  micro-organisms, 
completely  disappear  before  the  insect  emerges  as  a  lly.  The  larvae 
can,  therefore,  not  be  considered  as  being  of  importance  in  the 
transmission  of  a  bacillary  disease:  the  rare  accident  of  a  larviB  as 
such  reaching  another  human  l)eing  is  so  small  that  we  need  not 
consider  it. 

In  the  case  of  lars'je  designated  as  "4-B"  (vide  supia),  wc  supplied 
them  throughout  their  larvae  existence  with  muscle  that  had  been 
infected  with  grass  bacilli.  They  were,  as  would  be  expected, 
heavily  infected  with  grass  bacilli  uj)  to  the  time  they  entered  the 
pupa  stage,  but  emerged  in  the  in.sect  stage  free  from  acitl-fast 
bacilli. 

That  Hies  of  this  type  do  light  upon  the  ulcers  of  lepers,  and  do 
deposit  larva;  upon  them,  ami  that  these  larvae  remain  for  a  number 
of  days  (and  possibly  reach  the  pupa  stage)  in  such  ulcers,  are 
mutters  of  clinical  observation.  Patients  have  been  received  at 
Kalihi  whoso  leprous  ulcers  were  infested  with  such  larva?.  Even 
with  this  fact  known  to  us,  the  maiinrr  in  which  bnclciia  disappear 
during  the  pupa  stage  so  convinced  us  of  the  nonimportance  of 
this  plnum-  of  the  Hubject  that  we  made  no  attempts  to  duj)licate 
the  iarvo,'  ••xperiments  in  the  work  with  the  bacilhis  of  l(>|)rosy.  but 
conlined  our  atlentioji  to  the  ii<liilt  iiisccl. 

PART  II.     THE  BACILLUS  OF  LEPROSY. 

EXAMINATION  OF  THE  ULCERS  OF  LEPERS  FOR  LEPRA  BACILLL 

We  chose  20  ulcers  on  the  bodies  of  S  patients  under  our  care; 
from  each  of  the.se  ulcers  we  nuKh*  a  sinejir  aiul  staineil  il  in  tluMisunl 
ninnner.      l*'ourleen  of  these   id<ers  conlained    lepra    l»a(  illi  in  abut)- 
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dance,  3  of  them  contained  a  moderate  number  of  lepra  bacilli,  and 
3  contained  no  lepra  bacilli. 

It  is  hardly  necessary  to  state  that  the  ulcers  we  chose  were  those 
formed  by  the  breaking  down  of  leprous  nodules,  and  not  the  neuro- 
trophic ulcer. 

Flies  and  Human  Lepra  Bacilli. 

Experiment  1. — -Twenty  house  flies  (Musca  domestica)  were  placed 
in  a  cheese-cloth  covered  jar;  the  insects  were  fed  a  broth  suspension 
containing  lepra  bacilli,  which  were  obtained  from  leprous  ulcers; 
this  suspension  was  not  rich  in  bacilli,  however,  but  it  was  the  best 
we  could  obtain  at  the  time. 

In  this  cage,  containing  the  20  fhes,  we  placed  a  number  of  glass 
slides  in  such  a  manner  as  to  offer  attractive  roosting  places  for  the 
insects,  and  so  arranged  them  that  the  fhes  had  access  to  only  one 
side  of  each  shde.  The  following  day  the  flies  were  all  found  dead 
(cause  of  death  unknowTi) .  We  had  intended  vathdra\ving  the  leprous 
material  at  this  time,  but  their  premature  death  prevented  us  from 
carrying  out  this  part  of  the  experiment.  They  had,  however, 
deposited  4  speclvs  upon  the  shdes  before  death.  These  were  stained 
and  examined,  2  of  these  showing  a  moderate  number  of  lepra 
bacilh  and  the  other  2  specks  sho\ving  no  lepra  bacilli.  Eight  of 
these  dead  flies  were  chosen  at  random  and  their  intestinal  contents 
smeared  and  examined.  Four  of  these  showed  no  acid-fast  baciUi 
of  any  kind,  4  showed  a  large  number  of  acid-fast  bacilH  identical 
in  appearance  with  the  lepra  bacilh,  and  often  present  in  large  clumps. 

Experiment  2. — Placed  25  flies  in  a  jar  and  fed  them  the  scrapings 
from  a  leprous  ulcer,  diluted  with  normal  sahne  solution  and  the 
yolk  of  an  egg,  this  dilution  being  necessary  on  account  of  the  small 
amount  of  the  scrapings.  The  resulting  suspension  was  far  from 
being  rich  in  lepra  bacilh. 

At  the  enfl  of  twenty-four  hours  many  of  the  insects  were  dead. 
They  were  given  fresh  slides  at  that  time,  and  the  leprous  material 
was  removed  from  the  cage,  broth  being  given  them  instead. 

Twenty-four  hours  after  the  withdrawal  of  this  leprous  material 
16  flyspecks  had  been  deposited  on  the  glass  slides.  They  were 
stained  and  examined,  with  the  follo^\ing  results: 

16  specks  wore  examiiiod. 
4  epecks  showed  no  lepra  bacilli. 

11  specks  showed   lepra  bacilli,  usually  in  considerable  numbers,   two  or 
three  large  clumps  often  being  observed  in  a  microscopical  field. 

Twenty-four  hours  later  all  these  flies  had  succumbed  but  5.  These 
5,  together  with  5  dead  ones,  were  chosen  and  their  intestinal  con- 
tents examined,  and  siiowed  that  4  of  these  insects  containctl  lepra 
bacilli;  G  insects  showed  no  lepra  bacilli  in  their  intestinal  tracts. 
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Experiment  3. — Placed  100  flies  in  a  large  jar,  gave  them  undiluted 
scrapings  of  leprous  ulcers,  these  scrapings  being  very  rich  in  lepra 
bacilli.     Hung  14  glass  slides  in  the  jar  for  the  insects  to  roost  upon. 

Twenty-four  hours  later  about  one-half  of  the  insects  were  dead, 
the  shdes  were  removed,  and  the  numerous  specks  contained  on  them 
were  examined  in  the  usual  manner.  The  results  of  the  examination 
of  these  specks  were  as  follows : 

147  specks  were  examined. 
106  specks  showed  no  lepra  bacilli. 
41  specks  showed  lepra  bacilli. 

In  these  latter  the  number  of  baciUi  was  simply  enormous,  the 
lowest  number  being  present  in  any  one  of  the  41  specks  was  6,300, 
the  largest  number  28,000,  the  average  being  17,500  per  speck. 

Of  the  147  specks  thus  deposited  on  the  shdes  in  the  first  twenty- 
four  hours,  41  contained  a  total  of  717,500  lepra  bacilU.  The  specks 
deposited  on  these  shdes  were  but  a  small  percentage  of  the  total 
number  deposited  on  the  other  parts  of  the  cage. 

The  food  containing  lepra  bacilli  was  now  removed  and  bouillon 
substituted. 

After  twenty-four  hours  more — i.  e.,  forty-eight  hours  from  the 
time  the  leprous  material  was  given  the  flies,  and  twenty-four  hours 
from  the  time  that  it  was  taken  out  of  the  cage,  nearly  all  tlie  insects 
had  died.  Four  or  five  remained  alive,  but  rested  upon  the  bottom 
of  the  cage  and  were  entirely  inactive. 

The  slides  which  had  hung  in  the  cage  from  the  time  the  leprous 
material  was  removed  up  to  the  time  the  flies  had  died  were  with- 
drawn, but  showed  only  16  well-defined  specks.  These  were  stained 
in  the  usual  manner  and  examined: 

16  ppeckfl  were  examined. 
13  ppecks  fhowed  lepra  bacilli. 
3  Hpcck.s  phowed  no  lepra  bacilli. 
Of  the  13  npeckw,  the  Hmallent  number  of  lepra  bacilli  in  1  npcck  was  250; 
the  largest  number,  30,000;  and  the  average  number,  12, 950. 

Tlie  experiment  wu.s  closed  here  on  account  of  tiie  death  of  the 
in.sects. 

Experiment  J^. — Placed  100  flies  in  four  cages — i.  e.,  25  insects  to 
each  cage,  and  fcfl  (Imim  fresh,  undiluted  scraj)ings  from  leprous 
ulcers. 

On  the  ffjflowing  day,  of  tlu^  100  flics  only  12  iciiuiiiicd  uHvo  (the 
cause  of  (loath  unknown).  Kemovccl  the  slides  mid  examined 
them  with  tfie  following  results: 

•17  w<ll-<l<'(incd  hpi-'IcH  wen-  depoHit^-d  on  the  (flidc.H  during  tin-  (irnt  twenty- 
four  bourn  of  the  rx|iiriiii<iit. 

27  HptK-ltM  nhowed  no  lepra  bnriili. 

Tfi  np«Tk/i  nhowed  b'pra  bacilli  (the  average  number  of  baijlli  of  tlie  20  npecka 
wa«  approximaU'ly  2,2f)0  bacilli  p«r  npeck). 
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The  leprous  material  was  now  removed  and  the  12  surviving  flies 
placed  in  one  cage  and  given  sterile  bouillon  as  food. 

Twenty-four  hours  later  only  6  of  these  insects  were  alive.  By 
chance  no  feces  had  been  deposited  on  the  glass  slides,  so  no  examina- 
tion of  the  feces  was  made.  The  6  dead  flies  were  smeared  and 
examined.  The  intestinal  contents  in  each  fly  showed  a  moderate 
number  of  lepra  bacilli;  no  count  of  the  number  of  bacilli  per  smear 
was  made. 

Twent3^-four  hours  later— i.  e.,  three  days  from  the  beginning  of  the 
experiment,  only  2  flies  remained  alive,  no  specks  being  deposited 
upon  the  glass  slides.  These  two  insects  were  killed  with  chloro- 
form and  examined,  but  no  lepra  bacilli  were  found  in  their  intestinal 
contents. 

Experiment  5. — Placed  100  flies  in  a  cage;  gave  them  undiluted 
scrapings  of  leprous  ulcers;  also  gave  them  broth  containing  sugar, 
in  hopes  of  prolonging  their  lives,  in  order  to  ascertain  more  defi- 
nitely than  the  previous  experiments  have  shown  how  long  the  lepra 
bacilli  are  present  in  the  intestines. 

Twenty-four  hours  later  found  most  of  the  insects  alive.  These 
were  removed  to  another  cage;  the  specks  on  the  slides,  which  latter 
had  been  hanging  in  the  former  cage  for  the  first  twenty-four  hours 
of  the  experiment,  were  stained  in  the  usual  manner.  They  showed 
34  well-marked  specks. 

34  specks  were  examined . 
11  specks  showed  no  lepra  bacilli. 

23  specks  showed  lepra  bacilli  (the  number  varying  from  20  bacilli  to  30,000 
bacilli  per  speck,  the  average  number  per  speck  being  2,160  bacilli). 

Inasmuch  as  it  was  believed  that  the  manipulation  necessary  for 
the  transfer  of  these  insects  might  be  responsible  for  the  mortality 
they  were  allowed  to  remain  three  tlays  after  the  above  transfer 
without  being  disturbed — i.  e.,  four  days  from  the  beginning  of  the 
experiment.     They  were  given  fresh  food  and  slides. 

Twenty-four  hours  after  these  latter  slides  were  placed  in  the  cage — 
i.  e.,  five  days  from  the  beginning  of  the  experiment,  and  four  days 
from  the  removal  of  the  leprous  material,  17  flies  still  survived,  and 
21  specks  had  been  deposited  upon  the  sHdes  hung  in  the  jar. 

21  specks  were  examined. 
19  specks  showed  no  lepra  bacilli. 
2  specks  showed  l<>pra  bacilli  (1  of  these  specks  contained  14  lepra  bacilli, 
and  the  other  speck  contained  175  lepra  bacilli). 

On  the  afternoon  of  the  same  day  the  17  flies  remaining  alive  were 
killed  with  chloroform  and  examined.  Their  intestinal  contents 
showed  no  lepra  bacilli,  th(\y  having  freed  thomsolves  of  tliom  in 
four  days  and  a  few  hours  from  the  time  they  had  liad  the  last  oppor- 
tunity to  feed  upon  the  bacilli,  and  five  days  and  a  few  hours  from  the 
time  they  had  the  first  opportunity  to  feed  on  the  bacilh. 
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Expdinunt  6. — Placed  100  house  flies  {Miisca  domestica)  in  a  jar, 
gave  them  the  undiluted  scrapings  of  a  leprous  idcer,  also  (sepa- 
rately) sugar  broth.  The  flies  at  first  fit  upon  the  leprous  scrapings 
and  fed  from  them  freely,  for  the  time  being  neglecting  the  broth. 
They  were  furnished  clean  slides,  as  in  the  previous  experiments. 

Twenty-four  hours  later  the  leprous  material  was  taken  away  from 
them  and  more  sterile  sugar  broth  placed  in  a  clean  cage,  into  which 
the  insects  were  transferred.     The  slides,  that  had  hung  in  the  cage 
from  the  time  that  the  leprous  material  was  fed  up  to  the  time  the 
same  material  was  withdrawn — i.  e.,  twentj'-four  hours  during  the 
first    experiment,    were    removed;  the    specks    contained    on    these 
shdes  were  stained  and  examined  Anth  the  following  results: 
61  specks  were  examined. 
49  specks  showed  no  lepra  bacilli. 
12  specks  contained  lepra  bacilli. 

These  12  specks  containing  lepra  bacilli  showed  these  organisms  to 
be  present  in  immense  numbers,  the  average  number  of  lepra  bacilli 
per  speck  being  18,000;  1  speck  showed  over  32,000  lepra  bacilh. 

At  the  end  of  another  twenty-four  hours  tiie  insects  were  again 
removed  to  a  clean  cage,  given  fresh,  sterile  food  and  clean  shdes. 
The  old  .slides,  which  had  hung  in  tlxe  jar  from  the  time  that  the 
leprous  material  was  taken  from  the  ihes  up  to  twenty-four  hours 
follo\\ing  tliis  event,  were  removed,  and  the  specks  stained  and  exam- 
ined with  the  following  results: 
78  .epeckrf  were  examined. 
75  .«peck8  showed  the  presence  of  lepra  bacilli. 
3  specks  showed  no  lepra  bacilli. 
The  average  number  of  lepra  bacilli  per  speck  was  13,500. 

Twfiity-four  hours  lut<'r  the  llios  were  again  transferred  to  a  cage, 
supplied  with  fresh,  sterile  food  and  clean  slides.  The  old  slides 
were  removed  and  their  specks  stained  and  examined  with  the  fol- 
lowing results: 

86  Hpecks  were  examinrni. 

54  «(x>ckH  showed  lepra  bacilli. 

32  speckn  nhowed  no  lepra  bacilli. 

The  averaK*'  number  of  lejmi  bacilli  j)cr  sjx'ck  wa.**  887. 

Twenty-four  hours  later  the  in.secls  wen'  again  Iransfencd  (o  a 
clean  cage  and  furni.slied  with  slerih'  sugar  biolli  and  fresh  slides. 
The  old  slides  were  removed  and  the  sjM'cks  contained  on  same 
."^tnined  and  examined  with  the  following  icsults: 

47  jtpffkji  wero  examined. 
17  Hp«j<.kH  Hliowed  lepra  bacilli. 
Mi  npeckx  xhowed  no  lepra  ba<illi. 

The  average  number  of  lepra  bacilli  jier  npeck  (coiisideritij.!  the  17  specks 
'•rily)  wiu<  32. 

Twenty-four  hours  later  the  insects  were  liansfeiird  to  another 
caRc  and  furniMhed  with  sterile  food  and  clean  .'^lides.      The  old  slides 
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were  removed  and  the  specks  contained  on  same  stained  and  examined 

with  the  following  results: 

34  specks  were  examined. 

No  lepra  bacilli  were  found  in  any  of  the  specks. 

Twenty-four  hours  later  about  50  of  the  original  100  flies  were  still 
alive.  These  were  killed  with  chloroform;  39  of  these  insects  were 
chosen,  their  intestinal  contents  smeared  on  glass  slides,  stained,  and 
examined;  no  acid-fast  bacilli  were  found  in  their  intestinal  tracts. 

Exjyeriment  7. — Placed  100  house  flies  (Musca  domestica)  in  a  clean 
jar  and  gave  them  glass  slides  to  roost  upon  and  sterile  sugar  bouillion 
for  food.  Into  this  jar  we  introduced  scrapings  of  a  leprous  ulcer, 
rich  in  lepra  bacilli. 

On  the  following  day,  i.  e.,  twenty-four  hours  from  the  beginning 
of  the  experiment^  the  leprous  material  was  withdrawn,  the  insects 
were  transferred  to  a  clean  cage,  and  furnished  sterile  sugar  broth 
for  food.  The  old  slides  were  taken  out  of  the  former  cage  and  clean 
slides  hung  in  the  new  cage.  The  specks  contained  on  the  old  slides 
were  stained  and  examined  with  the  following  results: 

185  specks  were  examined. 
116  specks  showed  lepra  bacilli. 
69  specks  showed  no  lepra  bacilli. 

No  count  of  the  number  of  lepra  bacilli  per  speck  was  made,  but 
the  average  ran  high  into  the  thousands. 

Twenty-four  hours  later,  i.  e.,  twenty-four  hours  from  the  time  the 
leprous  material  had  been  withdraA\ai  from  the  flies,  the  insects  were 
changed  to  another  clean  cage  and  given  fresh  food  and  clean  slides. 
The  old  slides  were  removed,  but  not  examined  on  account  of  the 
pressure  of  other  work. 

Twenty-four  liours  later  the  insects  were  changed  to  another  clean 
cage  and  given  clean  slides  and  fresh  sterile  food.  The  old  slides  that 
had  hung  in  the  old  cage  for  the  last  twenty-four  hours  were  removed, 
but  for  the  reason  stated  in  the  last  experiment  were  not  examined. 

Twenty-four  hours  later,  i.  e.,  seventy-two  hours  from  the  time 
the  leprous  material  was  taken  away  from  the  flies,  the  insects  were 
changed  to  another  clean  cage,  and  the  slides  that  had  hung  in  the 
cage  from  the  forty-eighth  to  the  seventy-second  hour  from  the  time 
that  the  leprous  material  had  been  withdrawn  were  stained  and 
examined  with  the  following  results: 

81  specks  were  examined. 
34  specks  showed  lepra  bacilli. 
47  specks  showed  no  lepra  bacilli. 

Considering  the  34  specks  alone,  the  average  number  of  lepra  bacilli  per 

speck  was  673. 

Twenty-four  hours  later,  i.  e.,  ninety-si.x  hours  from  the  time  that 

the  leprous  material  was  taken  away  from  the  flies,  the  insects  were 

transferred  to  anotlier  clean  cag(>  iind  furuished  with  fresh  slides  and 
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sterile  food.  The  old  slides  which  had  liiing  in  the  cage  from  the 
seventy-second  hour  to  the  ninety-sixth  hour  from  the  last  oppor- 
tunity the  insects  had  had  for  feeding  on  the  leprous  material  were 
removed,  stained,  and  examined,  with  the  following  results: 

32  specks  were  examined. 
11  specks  showed  lepra  bacilli. 
21  specks  showed  no  lepra  bacilli. 

The  average  number  of  lepra  bacilli  per  speck  (the  11  specks  alone  consid- 
ered) was  93. 

Twenty-four  hours  later  we  removed  the  flies  to  another  clean 
cage,  supplied  them  with  fresh  food  and  slides,  removed  the  slides 
which  had  hung  in  the  cage  for  the  previous  twenty-four  hours,  and 
stained  and  examined  them  with  the  following  results: 

27  specks  were  examined. 

No  lepra  bacilli  were  found  in  any  of  the  specks. 

The  insects  were  on  the  same  day  lulled  by  means  of  chloroform, 
39  having  still  survived  out  of  the  original  100.  The  bodies  of  17  of 
these  were  chosen,  their  intestinal  contents  smeared  on  glass  slides, 
stained,  and  examined.  No  lepra  bacilli  were  found  in  any  of  the 
insects. 

Lepra  Bacilli  and  Sarcophaga  barhata. 

Captured  5  specimens  of  Sarcophaga  harhata  and  placed  each  in  a 
bottle;  made  an  artificial  ulcer,  in  a  manner  previously  described,  on 
the  abdomen  of  a  rabbit;  made  a  suspension  of  lepra  bacilli  (but 
from  the  material  at  hand  the  suspension  was  poor  in  these  organ- 
isms) and  fdled  the  ulcer  with  it. 

Eiperiment  1. — The  first  insect  was  placed  over  the  ulcer.  It  lit 
near  its  border  and  appeared  to  feed,  but  of  this  we  could  not  be 
certain,  as  it  was  on  the  ulcer  but  an  instant.  Fifteen  minutes  after 
it  had  lit  on  the  ulcer  it  was  killed  with  chloroform  and  examined, 
but  no  lepra  bacilli  were  found.     The  insect  did  not  deposit  larvre. 

Expfrimnd  2. — Four  insects  were  placed  separately,  one  after  the 
other,  over  the  same  ulcer;  all  lit  near  the  ulcer,  but  remained  there 
only  for  an  instant.  The  insects  aj)parently  fed  a  little,  but  of  this 
we  could  not  be  certain. 

The  hesitation  of  tliesc  insects  to  partake  freely  of  the  food  offered 
to  them  may  have  b«'en  due  to  the  emjjloymcnt  of  a  haii-removing 
preparation  instead  of  a  razor-  on  the  abdomen  of  I  he  iiihhil  j)i'eviou3 
to  the  exj)!'rirneMt .  .None  of  1  hes<'  insects  deposited  any  larvje  on 
the  ulcer's  edge,  hut  .'{  of  IIkmu  deposited  huvie  freely  nfliT  being 
plac^'d  in  tiieir  cagi's.  Fifteen  minutes  nfler  lliese  insects  hud  appar- 
ently fed  they  were  dr-st  royed  with  chlorctforni ;  2  of  iheni  showed 
no  lepra  hju'illi  in  ihiii  illl^•-^l  iiinj  eonlenls.  while  2  of  them  showe(l  a 
large  number. 
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Experiment  3. — Took  1  specimen  of  Sarcopliaga  harhata  and  placed 
it  over  an  artificial  ulcer  made  in  the  skin  of  the  abdomen  of  a  guinea 
pig  and  infected  with  the  scrapings  of  a  human  leprous  ulcer.  The 
insect  fed,  but  did  not  deposit  larvae. 

The  following  morning  the  fly  was  still  alive  and  was  killed  with 
chloroform.  A  smear  of  its  intestinal  contents  was  made,  stained, 
and  examined.  It  showed  a  number  of  lepra  bacilli,  on  an  average 
30  to  an  oil-immersion  field. 

During  the  night  following  the  feeding  this  insect  had  deposited 
6  specks.  These  6  specks  were  stained  and  examined  and  all  found 
to  contain  lepra  bacilli,  the  average  being  something  over  1,100  lepra 
bacilli  per  speck. 

Experiment  4- — Placed  12  specimens  of  Sarcopliaga  harhata  over  an 
artificial  ulcer  made  in  the  skin  covering  the  abdomen  of  a  guinea  pig, 
and  which  had  been  infected  with  human  lepra  bacilli  obtained  from 
the  scrapings  of  an  ulcer  of  a  case  of  human  leprosy.  Seven  of  these 
insects  were  seen  to  light  on  the  ulcer  and  appeared  to  feed;  5  of  them 
would  not  feed.  These  insects  were  killed  with  chloroform  at  the  end 
of  eighteen  hours  and  their  intestinal  contents  smeared;  5  of  them 
showed  large  numbers  of  lepra  bacilli  in  their  intestinal  contents, 
while  the  others  showed  none.  During  the  eighteen  hours  mentioned, 
preceding  the  death  of  the  insects,  they  had  deposited  a  number  of 
specks.  Twelve  of  these  species  were  chosen  and  examined  with  the 
following  results : 

12  specks  were  examined. 
9  specks  showed  lepra  bacilli. 
3  specks  showed  no  lepra  bacilli. 

Experiments  with  the  Undetermined  species  of  Lucilia. 

Experiment  i.— In  the  manner  previously  described  we  made  an 
artificial  ulcer  and  infected  it  with  the  scrapings  of  a  leprous  ulcer. 
Placed  8  specimens  of  Lucilia  over  this  ulcer;  3  apparently  fed  on 
this  ulcer,  and  5  of  them  did  not  feed. 

On  the  following  day  the  flies  were  killed  and  examined.  Only  1 
of  these  insects  showed  lepra  bacilli  in  its  intestinal  contents,  and  this 
one  contained  exactly  98  in  its  whole  intestinal  tract. 

Two  specks  were  taken  out  of  the  cage  (most  of  them  were  inaccess- 
ible, having  been  deposited  on  the  coverings  of  the  cage)  and  exam- 
ined with  the  following  results: 

2  specks  were  examined. 

1  speck  contained  168  lepra  bacilli. 

1  speck  contained  over  1,800  lepra  bacilli. 

Comment:  It  would  appear,  from  (his  experiment,  that  this  Lucilia 
frees  itself  of  its  intostinal  contents  uiohn  rapidly  than  do  the  other 
insects.     This  would  account  for  the  peculiar  result  just  noted. 
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Sarcophaga  pallinervis. 

No  experiments  were  attempted  with  Sarcophaga  pallinenns  for 
two  reasons — one,  that  it  seemed  it  woidd  have  been  an  unnecessary 
repetition  of  the  Sarcophaga  harhota's  experiments,  these  insects  being 
closely  allied;  the  other  reason  being  that  the  sanitary  regulations  of 
the  station  have  been  so  strictly  enforced  that  all  varieties  of  flies 
have  become  very  scarce,  and  the  Sarcophaga  pallinervis  has  practi- 
cally disappeared. 

DISCUSSION. 

The  above  data,  taken  together  with  the  well-known  habits  of 
certain  of  these  flies,  establishes  the  truth  of  the  following  statements: 

First.  That  given  a  bacilli-discharging  leprous  ulcer  (and  practi- 
cally all  leprous  ulcers  due  to  the  breaking  dowoi  of  a  leprous  nodule 
do  discharge  bacilli),  unprotected  from  the  attacks  of  flies,  these 
insects  will  convey  the  bacillus  of  leprosy  to  tiie  skin  of  near-b}"  healthy 
persons. 

Second.  That  such  insects  \\-ill  contaminate  the  foodstuffs  of  such 
persons  with  these  organisms. 

Third.  That  these  insects  deposit  their  feces  on  every  conceivable 
surface,  and  such  feces,  becoming  dry  and  pulverized,  will  in  the  form 
of  "  dust"  convey  the  bacilli  to  the  nasal  mucosa  of  near-by  persons. 

That  given  such  an  unprotected  ulcer,  and  the  usual  number  of 
flies,  this  contamination  of  the  skin  and  mucosa  of  noar-by  healthy 
persons  will  not  be  an  unusual  event,  but  will  occur  again  and  again, 
through  an  indefinite  length  of  time,  and  the  number  of  bacilli  thus 
conveyed  to  healthy  persons  will  be  enormous. 

This  much  the  experiments  show;  but  the  below-mentioned  points 
at  once  present  themselves,  and  can  not  in  our  present  state  of 
knowledge  be  answered  by  laboratory  data: 

First.  Is  the  skin  (or  abrasion  of  it),  the  mucosa  of  the  digestive 
tract,  or  the  na.sal  mucosa  capable  of  being  infected  with  leprosy  ? 

Second.  Are  the  bacilli  tluit  have  been  discharged  from  an  ulcer 
and  afterwards  pas.sed  through  a  fly's  digestive  tract  alive  and  capable 
of  infecting  man  ? 

Third.  Do  epidemiological  and  clinical  observations  hear  out  the 
Kupposition  that  flies  helj)  to  sj)read  leprosy  ? 

A.S  to  the  first  of  the.se,  we  know  that  by  some  means  lepra  bacilli 
do  gain  entrance  to  the  ti.ssues  of  man.  It  is  dillicult  to  conceive  how 
this  is  brought  about,  e.\c<'pt  that  the  bacilli  penetrates  one  or  more 
of  the  Hurfaces  mentioned  us  being  frequently  contaniinnted,  directly 
or  indirectly,  by  the  fecal  contents  of  flios. 
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As  to  the  second,  on  this  we  have  very  Httle  data.  In  the  well- 
known  case  of  Arning  "'  the  prisoner  Keanu  was  inoculated  with 
a  leprous  nodule  that  had  not  broken  down  into  an  ulcer.  The 
patient  developed  leprosy,  but  he  had  been  in  contact  with  lepers  in 
his  own  family  and  in  prison  (S\vift).  Furthermore,  he  was  a  Ha- 
waiian. The  mathematical  probabilities  of  one  of  these  people 
developing  leprosy  under  ordinary  conditions  is  (and  was  at  the 
time  of  the  experiment)  high. 

Bearing  on  this  we  also  have  the  case  of  Cofhn,^  in  which  a  prisoner 
purposely  inflicted  a  wound  of  the  skin  and  inocvdated  himself  with 
leprosy,  employing  in  this  case  as  material  the  pus  of  a  leprous  ulcer. 
The  man  developed  leprosy,  but  he  had,  before  inoculating  himself, 
been  exposed  to  lepers. 

On  the  other  hand,  many  alleged  and  authentic  cases  of  human 
inoculation,  performed  usually  by  means  of  a  wound  of  the  skin,  have 
failed  to  reproduce  leprosy.  In  weighing  this  evidence,  however,  it 
must  be  remembered  that  much  negative  evidence  is  required  to  out- 
weigh a  very  few  positive  results  in  a  matter  of  this  kind. 

Bearing  indirectly  on  this  question,  we  know  that  in  rat  leprosy,  a 
disease  closely  resembling  human  leprosy,  the  inoculation  of  an  abra- 
sion of  the  skin  of  a  healthy  rat  with  the  bacilli  contained  in  an  ulcer 
of  a  leprous  rat  is  usually  followed  by  infection. 

As  to  the  third  of  these  questions.  Do  epidemiological  and  clinical 
data  bear  out  the  supposition  that  flies  help  to  spread  leprosy  ?  The 
writer,  in  connection  with  another  work,  has  had  occasion  to  review 
recently  a  large  mass  of  data  and  opinions  contained  in  the  literature 
bearing  on  the  general  subject  of  transmission  of  leprosy.  The  most 
striking  point  that  appears  in  much  of  the  literature  is  the  large  num- 
ber of  lepers  that  give  a  history  of  personal  contact  of  the  most  inti- 
mate character  with  a  leper  (for  a  long  or  short  period)  previous  to 
developing  the  first  symptoms  of  the  disease.  Examples  could  be 
cited  that  would  seem  to  show  that  those  persons  who  reside  in  the 
same  house  with  a  leper,  but  do  not  eat  or  sleep  with  or  administer  to 
the  patient,  are  jnuch  less  often  attacked  than  persons  who,  in  addi- 
tion to  residing  with  the  afflicted  person,  also  come  in  very  intimate 
contact  with  him. 

«  For  details  of  this  case,  see  The  case  of  inoculated  leprosy,  by  Arning,  Dermat. 
Conjijress,  Prague,  Wiener  mod.  Wochenschrift,  No.  29;  Editorial  Lancet,  July  27, 
1889,  p.  184;  Scheube:  Diseases  of  Warm  Countries;  also  report  of  Emerson  and  Kimball 
in  Tebb's  The  Recrudescence  of  Leprosy,  p.  123;  also  Swift  and  another  article  by 
Swift  and  Montgomery,  both  reviewed  by  Baumgarton,  vol.  (>. 

&  Etude  de  la  16pre  aux  Ilea  de  Maurice  et  de  la  IKfunion.  Scheube:  Diseases  of 
Warm  Countries. 


42 

This,  of  course,  is  against  transmission  by  an  insect  having  a  con- 
siderable excursion  of  flight,  like  the  fly.  This  observation  is  not 
strongly  against  household  infection,  for  the  probabilities  of  the  fly 
carrving  the  infection  to  some  one  ^vithin  the  household  are  far  greater 
than  those  of  the  insect  carrying  the  infection  to  a  near-by  dwelling; 
but  it  is  distinctly  against  fly-borne  infection  that  a  person  sleeping 
in  the  next  room  should  be  quite  exempt,  wliile  the  person  sleeping 
in  the  same  room  is  apt  to  be  infected.  We  do  not  admit  such  is  the 
case,  however,  although  the  experience  of  many  would  appear  to 
indicate   this. 

In  considering  the  matter,  it  should  be  remembered  that  it  is  im- 
probable than  any  one  insect,  mechanism,  or  means  is  alone  responsi- 
ble for  the  spread  of  leprosy;  furthermore,  that  while  observations  of 
a  clinical  and  epidemiological  character  should  be  given  due  weight, 
it  must  be  remembered  that  data  of  that  kind  has  often  led  to  errors. 

CONCLUSIONS. 

First.  That  the  above-named  flies,  when  given  an  opportunity  to 
feed  upon  leprous  fluids,  w\\\  contain  the  bacilli  in  their  intestinal 
tracts  and  feces  for  several  days  after  such  feeding. 

Second.  That  the  above  fact,  together  with  the  well-known  habits 
of  these  flies,  make  it  certain  that,  given  an  exposed  leprous  ulcer, 
these  insects  will  frequently  convey  immense  numbers  of  lepra  bacilli, 
directly  or  indirectly,  to  the  skins,  nasal  mucosa,  and  digestive  tracts 
of  healthy  persons. 

Third.  That  our  present  state  of  knowledge  does  not  permit  us  to 
determine  whether  such  insect-borne  bacilli  are  or  are  not  capable 
of  infecting  persons  whose  skin  and  mucosa  arc  thus  contaminated; 
but  until  we  liave  more  accurate  knowlotlgo  on  this  point  we  arc  justi- 
fied in  regarding  these  insects  with  grave  suspicion  as  being  one  of  the 
means  of  disseminating  leprous  infection. 


HEREDITY  VERSUS  ENVIRONMENT  IN  LEPROSY. 


By  Harry  T.  Hollman, 

Acting  Assistant  Surgeon,  Leprosy  Investigation  Station,  Public  Health  and  Marine- 
Hospital  Service. 


In  1885  the  Board  of  Health  of  Hawaii  established  a  home  in  Hono- 
lulu for  nonleprous  girls  born  of  leprous  parents.  It  was  not  until 
1908,' under  Dr.  L.  E.  Cofer,  U.  S.  Public  Health  and  Marine-Hospital 
Service,  then  acting  president  of  the  Board  of  Health  of  Hawaii,  that 
a  home  for  nonleprous  boys  born  of  leprous  parents  was  established. 

Therefore,  prior  to  1908  the  boys  born  at  the  Leper  Settlement  on 
Molokai  were  exposed  to  the  disease  for  a  longer  average  period  than 
were  the  girls  born  there. 

Having  a  knowledge  of  these  facts,  studies  were  undertaken  by  me 
in  order  to  ascertain  the  influence  of  heredity  and  environment  in 
the  causation  of  leprosy. 

For  a  number  of  years  it  has  been  said'  that  "  a  very  small  percent- 
age of  the  number  of  children  born  of  leprous  parents  in  Hawaii 
developed  leprosy  if  removed  early  from  exposure." 

Fitch  (1)  said:  "In  eighteen  years  only  twenty-six  children  were 
born,  and  only  two  of  these  became  lepers  in  Molokai." 

James  C.  Wliite  (2)  has  also  said:  ''But  two  children  bom  in  Molo- 
kai have  contracted  the  disease." 

These  and  many  other  assertions  regarding  the  birth  rate  of  chil- 
dren boin  of  leprous  parents  and  the  subsequent  development  of  lep- 
rosy among  them  are  incorrect,  as  accurate  data  could  not  have  been 
obtained.  For  example,  in  the  biennial  report  of  the  president  of 
the  Board  of  Health  of  Hawaii,  ending  1892,  the  superintendent  of 
the  Leper  Settlement,  in  giving  the  number  of  children  born  to  lepers, 
writes:  "There  is  probably  an  error  in  this  figure." 

In  studying  the  data  collected  the  following  points  have  been  con- 
sidered: First,  whether  or  not  the  length  of  exposure  was  in  direct 
ratio  to  the  number  of  cases  of  leprosy  developing  in  chilthen  born 
of  leprous  parents;  second,  if  heredity  per  se  is  a  factor  in  the  causa- 
tion of  leprosy. 

In  order  to  obtain  material  for  this  study  tlie  following  records 
were  carefully  searched:  Records  of  births  and  deaths  in  the  Leper 
Settlement  since  1896,  when  registration  was  made  compulsory; 
records  of  declared  lepers;  records  of  nonleprous  boys'  liome;  records 
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of  nonleprous  girls'  home;  records  of  the  superintendent's  office  at 
the  Leper  Settlement  since  1880. 

The  results  are  tabluated  in  three  groups:  Group  I,  male  and 
female  children  born  of  leprous  parents,  whose  life  histories  to  July 
31,  1909,  are  known,  and  who  were  under  observation  ten  or  more 
years;  Group  II,  male  children  born  of  leprous  parents,  whose  periods 
of  exposure  are  known,  and  who  were  under  observation  at  least  seven 
years;  Group  III,  female  children  born  of  leprous  parents,  whose 
periods  of  exposure  are  known,  and  who  have  been  under  observation 
at  least  seven  years. 

GROUP   I. 

From  January  1,  1896,  to  July  31,  1909,  262  children  were  born  of 
leprous  parents,  128  being  males  and  134  females.  Of  the  males,  51 
died  (nearly  40  per  cent)  under  one  year;  of  the  females,  56  died 
under  one  year  (41  per  cent). 

There  were  under  observation  for  ten  or  more  years,  22  males  and 
24  females.  The  length  of  exposure  of  the  22  males  was  ten  or  more 
years;  the  lengths  of  exposures  of  the  24  females  were  as  follows: 

One  year  or  less 4  Six  years 2 

Two  years 5  Seven  years 4 

Three  years 2  Eight  years 1 

Four  years 4  Twelve  years 1 

Five  years' 1 

The  minimum  time  of  exposure  was  eighteen  days,  the  maximum 
time  of  exposure  was  twelve  3'ears,  and  the  average  time  of  expo- 
sure was  four  and  seventeen  twenty-fourths  years. 

Of  tiie  22  males  continuously  exposed  ten  or  more  years,  7  con- 
tracted leprosy  at  the  following  ages:  One  at  4  years  (father  and 
mother  advanced  tubercular  le|)crs),  3  at  6  years,  2  at  7  years,  and 
1  at  9  years.  The  averaire  aire  ut  which  leprosy  was  contracted  was 
6^  years. 

Of  the  2  1  females  whose  average  exposure  was  four  and  seventeen 
twenty-fourths  years,  1  contracted  lei)rosy.  This  case  wtus  removed 
from  exposure  at  the  ago  of  3  years. 

cKoip  n. 

Thirty  nude  children  born  of  le|>rous  |»iirents.  whose  periods  of 
exposure  are  known,  and  who  were  under  observation  ten  or  more 
yoan*.     Tliey  wore  exposed  as  follows: 

Twenty-three  yearw 1  Kourto<'i>  yt'iirn 6 

Twenty  yearn. .  1  KIcvon  yean* 3 

Ninet/M>n  yearn ~  T<!n  yean* 1 

Eighteen  yoan I  Kinhl  yean* 6 

Beventoon  yean l  Seven  yearB 3 

Fift^Msn  yearn 4 
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The  maximum  time  of  exposure  was  twenty-tlu-ee  years,  the  mini- 
mum time  of  exposure  was  seven  years,  and  the  average  time  of  expo- 
sure was  thirteen  and  twenty-six  one-hundredths  years.  Of  these  30 
cases  3  (or  10  per  cent)  contracted  leprosy,  2  at  the  age  of  15  years 
and  1  at  the  age  of  7  years. 

GROUP   III. 

Seventy-eight  female  children  born  of  leprous  parents,  whose 
lengths  of  exposure  were  known,  and  who  were  under  observation 
seven  or  more  years.     Their  exposures  were  as  follows: 

Seventeen  years 1  Eight  years 7 

Sixteen  years 1  Seven  years 8 

Fifteen  years 2  Six  years 2 

Fourteen  years 3  Five  years 2 

Thirteen  years 5  Four  years 5 

Twelve  years 5  Three  years 7 

Eleven  years 2  Two  years 7 

Ten  years 7  One  year 8 

Nine  years 6 

The  maximum  time  of  exposure  was  seventeen  years,  the  mini- 
mum time  of  exposure  was  one  year,  and  the  average  time  of  expo- 
sure was  seven  and  one-half  years. 

Of  these  78  cases  12  contracted  leprosy,  after  the  following  lengths 
of  exposure: 

After  exposure  of — 

Seventeen  years 

Thirteen  years  (developing  disease  in  her  fourteenth  year) 

Thirteen  years 

Twelve  years 

Nine  years 

Eight  years 

Seven  years  (contracted  at  7  years) 

Four  years  (developing  disease  at  11  years) 

Two  years  (developing  disease  in  her  tenth  year) 

One  year  (developing  disease  in  her  seventh  year) 

The  average  time  of  exposure  was  eight  and  thirty-six  one-hun- 
dredths years.  In  the  4  cases  of  which  we  have  accurate  data,  the 
average  time  between  cessation  of  exposure  and  detection  as  a  leper 
was  five  and  a  half  years. 

SUMMARY. 

I.  It  is  shown  that  40  per  cent  of  the  children  l)orn  of  parents  one 
or  both  of  whom  were  lepers  died  under  one  year. 

II.  Thirty-two  per  cent  of  the  nialos  who  wore  exposed  ten  or 
more  years  developed  leprosy. 

III.  Four  per  cent  of  the  females  whose  average  time  of  exposure 
was  less  than  five  years  devclojiod  leprosy. 

IV.  Ten  per  centjfof  the  males  exposed  for  more  than  seven  years 
developed  the  disease. 
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V.  Thirteen  per  cent  of  the  females  exposed  from  one  to  seventeen 
years  and  under  observation  seven  or  more  j'ears  became  lepers. 

VI.  The  average  time  of  exposure  of  the  cases  which  developed 
leprosy  was  five  years. 

DISCUSSION. 

The  high  death  rate  among  children  born  of  leprous  parents  is 
what  one  would  expect  to  find.  The  parents,- being  the  battleground 
of  a  conflict  between  the  lepra  bacilli  and  their  tissues,  would  not 
be  expected  to  produce  strong,  healthy  children. 

A  comparison  of  the  number  of  male  children  who  were  exposed 
ten  or  more  years  and  developed  leprosy  (32  per  cent)  with  the 
number  of  female  children  who  were  exposed  less  than  half  as  long 
and  developed  the  disease  (4  per  cent)  would  tend  to  show  that  the 
danger  of  contracting  leprosy  for  children  born  of  leprous  parents 
is  in  direct  ratio  to  the  length  of  the  exposure. 

The  results  presented  under  Group  1,  although  based  on  a  total 
of  only  46  cases  who  survived  the  first  year  and  became  long  exposures 
(males)  and  short  exposures  (females),  are  con\'incing,  because  the 
data  are  complete  and  further  substantiated  by  the  summaries  pre- 
sented in  Groups  II  and  III. 

It  is  evident  from  the  data  contained  in  Groups  II  and  III  that  a 
much  higher  percentage  of  the  female  children  who  were  exposed  for 
a  long  period  of  time  to  the  disease  became  lepers  than  the  males 
(13  to  10).  According  to  Brinckerhoff  (3),  the  ratio  in  Hawaii  of  the 
sexes  of  those  who  are  declared  lepers  is  65^  per  cent  males  to  34^  per 
cent  females. 

The  difference  in  our  group  averages  may  be  due  to  one  or  more 
causes. 

The  number  of  feuialcs  (7S)  in  Group  III  juay  be  too  largo  to  coni- 
pare  accurately  with  the  males  (30)  in  Group  II,  or,  as  seems  far  niore 
plausible,  female  children,  born  of  leprous  parents  when  under  long 
exposure  to  the  (li.sea.se,  are  froju  their  sex  more  in  direct  contact  with 
leprous  contagion,  i.  e.,  household  duties,  washing  clothes,  etc.,  while 
boys  arc.  as  any  other  boys,  more  out  of  the  house  tlum  in  it,  hence 
in  much  less  dinnt  contact  with  the  contagion. 

Xotwith.standing  this  difference,  Groui)s  II  iiml  HI  giv(>  cniphasia 
to  the  fact  that  the  longer  the  exposun*  the  juon-  cases  of  leprosy 
develof)  in  tlic  children. 

In  th((  opinion  of  jiiany  nutlioril  ics  leprosy  is  coiii  inctcd  by  con- 
tagion only.  Inipey  (4)  says,  "  L(;pro.sy  is  spread  l)y  contagion 
only."  Thompson  i't)  has  written.  "Infection  is  receiv«'<l  by  jnan 
from  his  environment  nilher  tlinn  frojn  ihe  sick"  (lioiisc  infect  ion). 
Pernet  (0),  in  Hjx'Hking  of  tin*  I'urulia  conference,  says,  "The  dele- 
gi'te«i  urrived  at  an  unanimous  opinion  that  leprosy  is  contagious," 
while  Donovan  (S)  (juotc^  Kaposi  as  follows;  "Lrj)iii  has  nc\ci'  been 
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observed  in  the  children  of  leprous  parents  immediately  or  within  a 
short  period  after  birth."  Espinet  (13)  wrote  that  he  had  never  seen 
it  in  children  under  3  or  4  years  of  age.  Castor  (12),  according  to 
Thin,  had  seen  no  case  of  congenital  leprosy.  Sanddreczki  (14),  in 
A  Study  of  Leprosy,  said  he  had  never  observed  it  in  the  newly  bom. 
The  leprosy  commissiomin  India  (11),  in  their  report,  said,  "No  case 
of  congenital  leprosy  was  seen."  To  quote  from  a  lay  authority  on 
lepers,  Mr.  Jackson  (15)  of  the  mission  to  lepers  in  India  and  the 
East,  in  his  book  In  Leper  Land,  says:  "At  one  of  the  Indian  mis- 
sions, previous  to  the  establisliment  of  a  home  for  the  children  of 
lepers,  the  former  lived  with  their  parents  continuously,  and  as  a 
result  most  of  them  developed  leprosy;  in  fact.  Reverend  Guilford 
states  of  these  children  (before  the  establishment  of  a  separate  home) : 
'Of  all  those  born  there  during  the  last  thirty  years  I  know  of  only 
two  men  who  have  not  become  confirmed  lepers,  and  even  these,  when 
I  last  saw  them,  began  to  show  signs  of  the  disease,  *  *  *  while 
during  the  same  period  (thirty  years)  at  another  asylum  near  by  means 
of  separating  the  children  have  existed  and  among  these  only  1  case 
of  leprosy  has  developed.'  " 

The  leprosy  commission  in  India  in  1S90  found  that  "of  children 
born  of  leprous  parents  only  a  very  small  number  became  leprous; 
thus  98  leprous  couples  had  65  children,  and  of  these  3  became  lepers. 
Among  500  children  born  of  two  leprous  parents,  or  from  one  leprous 
parent  and  one  healthy  parent,  21,  or  4.2  per  cent,  became  lepers." 
They  also  state,  "Leprosy  is  certainh'  not  found  as  often  as  in  1  out 
of  100,000  cases  at  an  infantile  period." 

This  is,  in  fact,  an  argument  for  the  transmission  of  the  disease  by 
contact,  as  our  observations  and  those  of  others  show  that  a  certain 
percentage  of  children,  when  exposed,  will  contract  the  disease. 

Therefore  the  sooner  after  birth  a  child  born  of  leprous  parents  is 
removed  from  exposure  the  less  likelihood  is  there  of  its  subsequently 
developing  leprosy. 

From  a  study  of  those  of  our  cases  who  developed  leprosy,  and  of 
whom  there  are  accurate  data,  it  is  learned  that  the  average  time  of 
exposure  was  five  years,  and  that  the  disease  was  on  an  average  five 
years  in  developing  after  tlic  cessation  of  exposure." 

Although  many  authorities  cite  cases  born  with  recognizable 
lesions,  in  our  studies  of  the  262  cases  we  found  no.  record  of  any 
child  having  recognizable  lesions  of  leprosy  at  birth.  Keschetillo  (7) 
mentions  28  children  l)orn  of  leprous  parents,  3  of  whom  had  recog- 
nizable lesions.  Navarro  (16)  has  reported  2  cases  of  congenital 
leprosy.     Hansen  (9)  has  reported  having  found  lepra  bacilli  in  the 

"Then!  may  bean  unavnidablo  error  hero,  as  ihe  disease  may  have  been  far  advanced 
when  they  were  pronounted  lepers.  Our  data  simply  atate  the  time  they  were  offi- 
cially declared  lepers. 
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seminiferous  tubules  of  the  testicle,  and  Babes,  according  to  Babs 
(10),  has  found  lepra  bacilli  in  semen  with  living  spermatozoa|^and  in 
the  egg  sack  of  the  ovary,  while  Arning  (10),  according  to  the  same 
author,  has  found  lepra  bacilla  in  the  ovary.  Nevertheless,  heredity 
apparently  played  no  part  in  the  causation  of  our  cases. 

* 

CONCLUSIONS. 

First.  The  danger  of  contracting  leprosy  for  children  born  of 
leprous  parents  increases  Avith  the  length  of  exposure. 

Second.  Heredity  is  not  an  important  factor  in  the  causation  of 
leprosy. 
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